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Managed loblolly pine (Pinus taeda) stands are common in the southeastern
United States and provide young forest conditions for early successional breeding birds.
Common pine management practices (e.g. hardwood control) and novel practices (e.g.
switchgrass [Panicum virgatum] intercropping), may influence breeding bird use. I
evaluated breeding bird abundance, diversity, and resource use within loblolly stands
treated to control hardwood species, intercropped with switchgrass, and with no
additional management. Hardwood control and switchgrass intercropping both decreased
hardwoods and shrubs, and increased forbs. Switchgrass intercropping increased some
early successional bird abundances. However, diversity was not different among
treatments. Switchgrass intercropping increased 13C:12C in birds and vegetation; both
hardwood control and switchgrass intercropping increased 15N:14N in birds and
vegetation. Birds moved freely among stands of different ages and management
practices. My results suggest these practices improve conditions for some early
successional birds and may help maintain ecological value of loblolly stands for birds.
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CHAPTER I
INTRODUCTION
Many bird species that breed in early successional vegetation communities, such
as shrublands and young forests, have been experiencing significant population declines
since the mid-1900s (Askins 1993, Litvaitis 1993, Schlossberg and King 2009). This
decline has been linked to urban development, land use changes, forest maturation, and a
lack of natural and anthropogenic disturbance necessary to create or maintain patches of
early successional vegetation (Litvaitis 1993, Brawn et al. 2001, Hunter et al. 2001, King
and Schlossberg 2014). The absence of continued disturbance on former agricultural
fields, for example, has allowed for succession to mature forest, particularly in the eastern
United States (Trani et al. 2001, Hunter et al. 2001). A reduction in natural disturbances
due to fire suppression and flooding regulation, and the resulting changes in hydrology
and soil nutrients, has led to further losses of early successional vegetation communities
(Trani et al. 2001, Brawn et al. 2001).
Managed pine (Pinus spp.) stands are a dominant landscape feature in the
southern United States and cover approximately 16 million ha (Hartsell and Conner
2013). Within these stands, young forest conditions (seedling-sapling tree size) increased
from the mid-1970s to the mid-1990s, despite declines in young forest conditions in other
parts of the United States (Trani et al. 2001). Young loblolly pine (P. taeda) stands have
attracted significant interest in their ability to provide early successional vegetation
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conditions for breeding bird species of concern (Askins 2001, Thompson and DeGraaf
2001, Degraaf and Yamasaki 2003, Miller et al. 2009, Hartsell and Conner 2013).
However, not all young loblolly pine stands provide the same vegetation structure for
breeding birds, and tradeoffs may exist between improving economic prospects of a
working forest and conserving its value for wildlife (Carley and Grado 2000, Barlow et
al. 2007, Huang 2009).
Past research indicates that if maintaining a sustained diversity of early
successional breeding birds in loblolly pine stands is a management goal, it is important
to promote a high diversity and coverage of herbaceous, early successional plant species
(forbs and graminoids) in the understory for as long as possible (Miller and Miller 2004,
Campbell 2011, Lane et al. 2011a, Lane et al. 2011b, Hanberry et al. 2012). In managed
loblolly pine stands, limiting hardwood growth may be one way to improve profitability
and promote a continued state of early successional vegetation. One of the most
efficacious ways to control hardwoods is by using herbicides (Welch et al. 2004, Miller
and Miller 2004, Zobrist et al. 2005). While it has been suggested that herbicides may
improve vegetation conditions for early successional birds (e.g. Owens et al. 2014), to
date, no studies have quantified effects of hardwood control via herbicide on bird
communities in young, pre-thinned, managed loblolly pine stands.
Intercropping switchgrass (Panicum virgatum) between young loblolly trees for
use as cellulosic biomass may be an additional management technique that maintains an
early successional plant community within loblolly pine stands and promotes diversity of
early successional bird species (Riffell et al. 2012, Loman et al. 2014, Marshall et al.
2017a). Previous research has found that effects of switchgrass intercropping on breeding
2

bird densities changed with the age of the loblolly pine stand. For example, bird densities
in switchgrass intercropped stands and stands with no additional management were
different in the first two years of stand growth but had converged by year three (Loman et
al. 2014). In year four and five of stand growth, however, bird densities again diverged
between switchgrass intercropped loblolly pine stands and stands with no additional
management; one early successional species was present in greater densities in
switchgrass intercropped loblolly pine stands (indigo bunting [Passerina cyanea]), and
one early successional species was present at lower densities (white-eyed vireo [Vireo
griseus]; Marshall et al. 2017a). Although no studies have yet determined how
switchgrass intercropping influences bird abundances and species diversity in loblolly
pine stands six and seven years old when compared to loblolly pine stands with no
additional management, it is possible that stand structure within these two types of stands
may continue to diverge as they age.
In addition to bird abundance and species diversity, metrics describing how birds
use resources within loblolly pine stands can be useful in understanding effects of
hardwood control and switchgrass intercropping on early successional breeding birds.
Changing vegetation communities and structure, including dominance of a new grass
species, could change availability of seeds, fruits, and insects in the treated loblolly pine
stands which could in turn alter diets of birds in those stands. Analyzing bloods samples
for stable carbon (C) and nitrogen (N) isotopes by determining metrics such as total C,
total N, and relative amounts of 13C:12C (δ13C) and 15N:14N (δ15N) can help identify food
sources and trophic levels for a variety of organisms, including birds (Smith and Epstein
1971, Gannes et al. 1997, Hobson 1999, Post 2002).
3

While previous research suggests switchgrass intercropping does not change the
diet or trophic level of white-footed mice (Peromyscus leucopus), or stable carbon or
nitrogen isotopes in a variety of arthropod orders when compared to loblolly pine stands
without switchgrass (Briones et al. 2013, Minick 2014, Marshall et al. 2017b), no studies
have addressed potential effects of switchgrass intercropping on stable isotopes in birds.
There is evidence that herbicide applications increase the amount of nitrogen available in
forest soil due to decomposition of vegetation targeted by the herbicide (Vitousek and
Matson 1985, Vitousek et al. 1992). It is currently unknown, however, if an excess in
available soil nitrogen translates through multiple trophic levels and affects stable isotope
ratios in birds.
When evaluating resource use by breeding birds, movement ecology is an
important consideration. The highly mobile nature of the birds means they could be
detected during point counts in an area that is only supplying part of their resource needs.
If a nearby stand contains a different type of vegetation structure, such as a switchgrass
intercropped stand next to a mature loblolly pine stand, birds could be using both areas to
fulfill their resource needs (Zanette et al. 2000, Fahrig et al. 2011). This possibility could
lead to erroneous conclusions about effects of management practices based on bird
abundance and diversity metrics alone (Van Horne 1983). It is possible that abundances
and diversity of bird species identified in loblolly pine stands are only possible because of
a resource located nearby, outside of treatment areas or study plots. While there is limited
information on movement ecology of early successional bird species, previous research
has shown several species (eastern towhee [Pipilo erythrophthalmus] and yellowbreasted chat [Icteria virens]) move freely among forest stands of different ages to meet
4

their food and breeding resource needs (Krementz and Powell 2000, Lehnen and
Rodewald 2009).
My objective for this study was to address these identified research gaps by
quantifying effects of (1) hardwood control using herbicides and (2) switchgrass
intercropping on understory vegetation characteristics and breeding bird abundance,
diversity, diet, and movement ecology in six- and seven-year-old loblolly pine stands,
with a particular emphasis on early successional species. This study illuminates how a
common and a novel management practice affects vegetative make-up of the stand
understory which, in turn, influences abundances of breeding birds. This study also adds
to a long-term data set exploring effects of switchgrass intercropping and stand
establishment practices at one study site in east-central Mississippi, which allows for a
more complete understanding of how a novel land use practice may change bird
communities as young loblolly pine stands age. Finally, this study provides evidence that
hardwood control and switchgrass intercropping affect stable isotope ratios at multiple
trophic levels, which highlights a previously unknown outcome of these two management
practices.
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CHAPTER II
EFFECTS OF HARDWOOD CONTROL HERBICIDES AND SWITCHGRASS
INTERCROPPING ON BREEDING BIRD ABUNDANCE AND
DIVERSITY IN MANAGED LOBLOLLY PINE STANDS

Introduction
Recent assessments have estimated the southern U.S. contains over 97 million
forested hectares, of which over 81 million ha are timberland (land covered with forest
suitable or managed for timber), making this region the largest timber-producing
geographic area in the United States (Haynes 2002, Hartsell and Connor 2013, Oswalt et
al 2014). In this large area of timberlands, planted pine forests containing primarily
loblolly (Pinus taeda), slash (P. elliottii), and/or longleaf pine (P. palustris) span
approximately 16 million ha and have created a mosaic of young forest stands across the
southern U.S. (Wilson and Watts 2000, Miller et al. 2009, Hartsell and Conner 2013).
Several studies have documented that many bird species associated with early
successional vegetation communities are common within these forests (e.g. Meyers and
Johnson 1978, Childers et al. 1986, Wilson and Watts 2000, Legrand et al. 2007,
Hanberry et al. 2012, Owens et al. 2014). With the area of managed pine stands in the
southern United States expected to increase an additional 5% to 17% by 2060, this
constant (albeit dynamic) supply of young forest could provide resources for a significant
10

number of early successional birds (Wear and Greis 2011). This increase in managed
pine, in conjunction with a potential loss of 4.5 to 9.3 million ha of total forest in the
southern United States, indicates managed pine will likely play an increasingly important
role in maintaining forest biodiversity (Wear and Greis 2011).
Young forest availability is becoming crucially important due to the decades-long
decline in abundances of breeding bird species that use early successional conditions
(Askins 1993, Litvaitis 1993, Schlossberg and King 2009). Evidence from the Breeding
Bird Survey (BBS), a survey conducted by citizen scientists at roadside survey locations
throughout the United States and Canada, indicates that between 1966 and 2015, 48% of
early successional breeding birds (identified as “shrub-successional” by the BBS) showed
significant population declines (Robbins et al. 1986, Sauer et al. 2017). While there is
some variability in these trends among species regionally, early successional breeding
birds in the southeastern Coastal Plain experienced the same trend with 48% of species
declining significantly (Sauer et al. 2017).
In Mississippi, four of the 15 early successional species analyzed by Sauer et al.
(2017) experienced significant population declines, including the northern bobwhite
(Colinus virginianus), field sparrow (Spizella pusilla), painted bunting (Passerina ciris),
and common yellowthroat (Geothlypis trichas). Northern bobwhite, painted buntings, and
prairie warblers (Setophaga discolor) have also been identified as early successional
Species of Greatest Conservation Need by the Mississippi Department of Wildlife,
Fisheries, and Parks (Mississippi Museum of Natural Science 2015).
In the absence of additional management in managed loblolly pine stands, pine
and hardwood trees grow larger, shade increases, and many herbaceous plant species are
11

excluded (Wilson and Watts 2000). This successional advancement greatly changes the
understory structure in a loblolly pine stand which, in turn, can decrease early
successional bird species abundances and total bird diversity (Schlossberg and King
2009). In many managed forests, herbicide treatments specifically for hardwood control
are commonly applied at different times during a rotation to release pines from
competition and increase economic returns (Boyd et al. 1995, Miller et al. 2003, Fox et
al. 2007, Miller et al. 2009). Hardwood control has also been shown to improve
vegetation conditions for early successional bird species in loblolly pine stands. In mature
loblolly pine stands, hardwood control improved early successional vegetation conditions
for northern bobwhite (Jones and Chamberlain 2004, Welch et al. 2004). In mid-rotation
loblolly pine stands (approximately 15–18 years old), hardwood control, used in
conjunction with fire, also increased growth of forbs and grasses important to early
successional bird species (Sladek et al. 2008, Singleton et al. 2013, Iglay et al. 2018).
With increased global interest in biofuels as a renewable, alternative energy
source, young loblolly pine stands have become a testing ground for a novel land use
practice: producing cellulosic biomass by intercropping pine rows with switchgrass
(Panicum virgatum; Koh and Ghazoul 2008, Riffell et al. 2012). Although several studies
have shown that planting this native perennial grass for cellulosic biomass also allows for
maintenance of biological diversity in loblolly pine stands (Riffell et al. 2012, Robertson
et al. 2012), changes to understory structure due to dominance of switchgrass in
intercropped stands may lead to changes in the avian abundances or species composition
of these stands (Loman et al. 2014).
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Previous research found that intercropping influenced bird abundances and
community composition during the initial establishment of switchgrass in newly planted
loblolly pine stands; early successional species were less dense in switchgrass
intercropped loblolly pine stands than in stands with no additional management (Loman
et al. 2014). Species densities converged in those stands, however, by the third year after
switchgrass establishment (Loman et al. 2014). Breeding bird density was then found to
diverge again slightly between switchgrass intercropped loblolly pine stands and stands
with no additional management in slightly older stands (four and five years old post
establishment; Marshall et al. 2017a). This divergence led to greater densities of indigo
buntings (Passerina cyanea) and lower densities of white-eyed vireos (Vireo griseus) in
switchgrass intercropped stands (Marshall et al. 2017a).
This assessment of prior research investigating abundance and diversity of early
successional birds in managed loblolly pine stands shows there are many gaps in
understanding effects of common and novel management practices on bird communities.
Given dominance of this forest type in the southeastern United States, it is important to
understand potential conservation value of these managed forests for conservation of
early successional bird communities. Therefore, my primary objective was to add to the
existing literature and assess response of understory vegetation characteristics and
breeding bird abundance and diversity to a common management practice (hardwood
control [specifically imazapyr and metsulfuron-methyl]) and a novel management
practice (switchgrass intercropping) within loblolly pine stands, six and seven years postestablishment. I hypothesized that loblolly pine stands treated with herbicides would
support an increase in abundance and diversity of early successional breeding birds. I
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predicted this increase would result from enhanced forb and graminoid growth due to a
reduction in hardwood cover and the subsequent reduction in understory competition for
light and nutrients and that the enhanced forb and graminoid growth would result in
greater coverage and diversity of herbaceous plants in the understory. As one of the
herbicides used in my study also acts to control blackberry (Rubus spp.) species growth, I
hypothesized shrub cover would also be reduced in hardwood control stands, which
would further release forb and graminoid growth in the understory. In keeping with the
findings in Marshall et al. (2017a), I hypothesized the understory in intercropped stands
and stands with no additional management would diverge further from each other during
years six and seven of stand growth. I predicted this dominance of grass species would
keep intercropped stands in an earlier successional state, similar to what I expected to see
in hardwood control stands.

Materials and Methods
Study Area
My project was conducted in Kemper County, Mississippi (32°52’N, 88°33’W)
within a 25,000 ha study site of timberland dominated by managed loblolly pine (70%)
and interspersed with hardwood (10%) and mixed pine-hardwood stands (17%),
primarily within streamside management zones (SMZs; Iglay 2010). This study site was
located within the Interior Flatwoods Area of the Upper Coastal Plain (Petty 1977) on
property owned and managed by Weyerhaeuser Company.
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Experimental Treatments
A randomized complete block design was followed to create five blocks (Figure
2.1) within the study site, each containing three, 10 ha, treatment plots. These plots were
established in 2011 through a study to determine feasibility of intercropping switchgrass
with young loblolly pine stands as a biomass energy resource (by Catchlight Energy
LLC, a joint venture between Chevron and Weyerhaeuser) and potential effects of
intercropping on invertebrate, mammal, and bird communities (e.g. Briones et al. 2013,
Loman et al. 2014, Wheat 2015, Marshall et al. 2017a). All plots were previously clearcut
harvested in 2009 and 2010. Before re-planting, a V-blade plow, bedding plow, and
subsoil ripper were used to establish pine beds in all stands. New pine seedlings were
planted in rows 1.5×6.1 m apart (1,100 seedlings/ha) in all stands. During the first
growing season after pine seedlings were planted, a banded application of imazapyr
(Arsenal, BASF, Research Triangle Park, NC) and sulfometuron-methyl (Oust, E. I. du
Pont de Nemours and Company, Wilmington, DE) was applied to all stands to
temporarily reduce woody and herbaceous competition.
In additional to this universal site preparation, the following treatments were
randomly assigned to one plot in each of the five blocks (Figure 2.1):
1)

Experimental Control (Control): no additional management subsequent to
banded imazapyr and sulfometuron-methyl application;

2)

Hardwood Control (HC): additional herbicide treatment applied through aerial
spraying to reduce hardwood and blackberry in addition to standard site
preparation. Herbicide was aerially applied in HC stands in fall 2015 using a
combination of Arsenal (imazapyr; hardwood control; BASF, Research
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Triangle Park, NC) and Escort (metsulfuron-methyl; hardwood and blackberry
control; Bayer, Research Triangle Park, NC);
3)

Switchgrass Intercropped (SI): switchgrass intercropped between loblolly
rows, requiring more extensive site preparation including woody debris and
stump removal to facilitate switchgrass growth. A banded application of
glyphosate (Accord XRT, Dow AgroSciences, Indianapolis) was applied to interbed rows. Switchgrass was then broadcast seeded in spring 2011 and reseeded

in 2012 at a rate of 1.47 kg of seed per ha. Inter-bed rows were fertilized
(Arborite, Weyerhaeuser Company, Seattle, WA) and treated with additional
herbicide (triclopyr [Garlon 4 Ultra, The Dow Chemical Company, Midland,
MI]; metsulfuron-methyl, and chlorsulfuron [Cimmaron Plus, Du Pont, Old
Hickory, TN]) in 2014, and only fertilized in 2015. Switchgrass intercropped
plots were cut and baled during fall 2013, 2014, and 2015; they were not cut
in 2016 or 2017.
Study Design
Avian Point Count Surveys
With the assistance of two technicians, I conducted point transect surveys at three
locations along the diagonal axis of each treatment stand using locations established
during previous research (see Loman et al. 2014, Marshall 2016). The survey locations
we used were spaced evenly (approximately 100 m apart) to minimize overlapping
detections of birds, and to maximize distances from hard edges such as stand boundaries
and SMZs. Technicians and I conducted surveys from mid-May through June to capture
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peak breeding season birds and avoid counting late-departing or early-arriving migrants.
We repeated surveys in all treatments every 5–10 days during the survey season for a
total of five repetitions in each treatment stand per year (n = 225 point counts per year) in
2016 and 2017.
To maintain continuity with previous studies at this location (Loman et al. 2014,
Marshall et al. 2017a) we used 10-minute surveys following the methods in Buckland et
al. (2001, 2004) and Buckland (2006). We recorded all birds detected within 10-minute
survey periods, noting species, sex and age (juvenile and adult, when possible), method
of detection (visual, auditory detection of male song, or other auditory detection), time
during the survey, radial distance (m) from observer at time of detection, and flock size
(if birds were aggregated in a flock and detected concurrently). We only recorded bird
detections if an accurate distance estimate could be obtained, therefore coursing birds,
such as barn swallows (Hirundo rustica) or turkey vultures (Cathartes aura), and other
flyovers were not recorded. We conducted surveys between sunrise and four hours after
sunrise. We did not conduct surveys during inclement weather or in conditions that could
influence detectability (e.g., wind > 19km/h, rain and heavy fog). During surveys, we
used the regular grid spacing of planted pine tree (1.5 x 6.1m) as a reference for
consistent distance estimates among observers (see Loman et al. 2014, Marshall 2016,
Marshall et al. 2017a).

Vegetation Surveys
To evaluate understory vegetation characteristics, I used a two-part vegetation
surveying procedure. To ensure a representative sample from each treatment plot, I
17

created 25 vegetation survey points along the same diagonal axis as point count locations
(Figure 2.2). I centered these survey points around five “hubs” spaced 50 m apart along
that diagonal axis. I then generated five points in random directions and at random
distances between 1-20 m from each hub (restricted to 20 m to prevent overlap of points
from other hubs).
Due to denseness of the understory in treatments, I could not use pre-made
quadrats for vegetation surveys. Instead, at each vegetation survey point, I created a 1 m
diameter circular sampling frame by staking four, half-meter lengths of rope to a central
point. I measured percentage cover of the following plant guilds: vines, forbs (herbaceous
flowering plants), non-switchgrass graminoids (grasses, sedges, and rushes), switchgrass,
shrubs (small to medium sized woody plants), hardwood trees, pine trees, and a
combination of all types of dead vegetation within each sampling frame. Due to the
difficulty of assigning accurate exact cover percentages, I recorded percentage cover
scores using the Daubenmire scale (Table 2.1; Daubenmire 1959).
To measure vertical plant structure at each survey point, I used a 2 m Nudds board
(Nudds 1977). The Nudds board was divided into six blocks of alternating colors. A
technician held the board at each survey point and I determined percentage of each
section of board covered from a randomly selected direction at a distance of 15 m. I also
recorded this percentage using the Daubenmire scale (Table 2.1; Daubenmire 1959).
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Statistical Analysis
Avian Abundance, Diversity, and Conservation Value
Following methods in Loman et al. (2014) and Marshall et al. (2017a), I generated
abundance estimates for individual bird species using the gdistsamp function in the
package “unmarked” in R (Fiske and Chandler 2011, R Core Team 2016). This package
allowed me to account for heterogeneous detection probabilities among treatments and
counts (i.e., all birds actually present may not have been identified). The gdistsamp
function fits the generalized distance sampling model from Royle et al. (2004) and allows
for modeling abundance and detection parameters as functions of site-specific covariates.
I truncated point count detections at 50 m to minimize the probability that the same bird
was counted at two locations and to avoid counting birds located outside the treatments. I
obtained abundance estimates for species that met specific criteria for analyses, which
included having 50+ total detections for model convergence and reliable distance
estimates. I did not calculate abundance for species that were solely associated with
SMZs or with adjacent mature forest stands (e.g. pine warbler [Setophaga pinus]).
To calculate abundances, I first created a no-covariate model for each species and
used AIC to select the best key function (exponential, halfnorm, hazard, or uniform),
which described the shape of the detection function based on observed distances (Fiske
and Chandler 2011). Once a key function was selected, I determined if the Poisson or
negative binomial distribution was the most appropriate for each species. I hypothesized
that observer bias or weather conditions (temperature, wind speed, cloud cover) could
influence detection probability, so I tested each covariate and selected the model with the
lowest AIC. I then built a model for each species using treatment as the state (abundance)
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variable, and I used this model to calculate predicted abundances of each species per
treatment plot by using the predict function in “unmarked” (Fiske and Chandler 2011).
I evaluated the goodness of fit of the models for all species by calculating the
Freeman-Tukey fit statistic (Brooks et al. 2000) for the observed data and compared it to
expected values generated from 100 simulations (Fiske and Chandler 2011). I calculated
the bootstrap P-value as the proportion of expected values greater than the observed
value, and a P-value >0.05 indicated a good-fitting model. To compare abundances
among treatments I used two versions of the final model, one with Control as the
intercept, and one with HC as the intercept. I also compared these abundances after
grouping species by migratory status (Neotropical migrant, short-distance migrant or
resident) and vegetation association (early successional, non-early successional).
Delineation of migratory status was drawn from Poole (2013) and early successional
status was based on the “shrub-successional” breeding category for the Breeding Bird
Survey (Sauer et al. 2017). I considered abundances among treatments to be significantly
different if P < 0.05.
To calculate a diversity metric for each treatment, I used detection totals from the
raw point count data so that species with too few detections to qualify for abundance
analysis in “unmarked” were included. Using detections totals in lieu of abundances, I
calculated Shannon’s Diversity Index (Shannon 1948) for each treatment using the
“vegan” package in R (Oksanen et al. 2011). I then created linear mixed effects models
using function lmer (package “lme4”) to compare this diversity index among treatments
(Douglas et al. 2015). To determine which random effects improved my model, I
compared two models: 1) fixed effect of treatment and block as a random effect, and 2)
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fixed effect of treatment and block and year as un-nested random effects, using analysis
of variance. I evaluated differences among all three treatments by using function glht in
package “multcomp” (Hothorn et al. 2008). In addition to modeling diversity among
treatments for all bird species detected, I again separated species by migratory status and
habitat association. I considered diversity among treatments to be significantly different if
P-value < 0.05.
To further investigate differences among treatments based on important
demographic trends from individual bird species, I used Partners in Flight (PIF) ranks for
each species detected to create a “Conservation Value Index” for each treatment (CV;
Nuttle et al. 2003, Loman et al. 2014, Marshall 2016, Partners in Flight 2017). As part of
a collaborative avian conservation effort between government agencies, nongovernmental organizations and industry, PIF developed these ranks as a numerical
expression of the relative extinction risk of each bird species (Beissinger et al. 2000,
Nuttle et al. 2003, Panjabi et al. 2017). Ranks range from 0 to 4, with non-native species
receiving a rank of 0, species of high concern receiving a rank of 4, and other species
receiving a rank between 1 and 3 depending on combination of scored categories
including breeding distribution, nonbreeding distribution, relative abundance, threats to
breeding, threats to nonbreeding, population trend, and area importance (Nuttle et al.
2003). I used PIF ranks for the Southeastern Coastal Plain Bird Conservation Region 27
(Panjabi et al. 2017, Partners in Flight 2017), and calculated CV for each treatment by
multiplying PIF ranks by species detection counts and summed these weighted
abundances across treatments (see Loman et al. 2014 and Marshall 2016). I used the same
linear mixed effects model approach as with diversity to create a model with treatment as
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a fixed effect and the most appropriate random effects (block, or block and year) to
compare CV among treatments. I compared CV for all species detected and for groups
separated by migratory status and habitat association. I considered CV among treatments
to be significantly different if P-value < 0.05.

Vegetation Characteristics
I compared understory density and plant guild cover among treatments using
ordinal logistic regression as coverage was recorded in Daubenmire scale categories (1 <
2 < 3 < 4 < 5 < 6; Table 2.1; Daubenmire 1959). I created models using function clmm in
package “ordinal” in R with treatment as a fixed effect (Christensen 2015, R Core Team
2016). To determine which random effects improved my model, I compared two models:
1) fixed effect of treatment and block as a random effect, and 2) fixed effect of treatment
and block and hub as random effects, using analysis of variance. To compare difference
among treatments, I examined the best model twice, once with Control as the intercept,
and once with HC as the intercept. To determine effect of treatment on understory
density, I created a model using all Nudds board scores per treatment, and created
additional models for each section of the Nudds board from N1 (lowest section) to N6
(top section). For vegetation cover, I created individual models for each plant guild
recorded: vine, forb, shrub, hardwood, pine, and all dead plant material. As switchgrass
only occurred in one treatment, I did not model effects of treatment on switchgrass cover.
I considered density and plant guild cover among treatments to be significantly different
if P-value < 0.05.

22

Results
Abundance, Diversity, and Conservation Value of Breeding Birds
During 2016 and 2017, I detected 5,051 individuals of 41 different breeding bird
species (Table 2.2), including 1,607 detections of 38 species in Control, 1,693 detections
of 36 species in HC, and 1,751 detections of 38 species in SI. I used 16 species for
abundance analyses based on the previously mentioned criteria (Table 2.3). Abundance
was significantly different (P < 0.05) among treatments for five species: American crow
(Corvus brachyrhynchos), eastern towhee (Pipilo erythrophthalmus), hooded warbler
(Setophaga citrina), common yellowthroat, and indigo bunting (Figure 2.6). Abundance
was not significantly different among treatments for 11 species: brown-headed cowbird
(Molothrus ater), blue jay (Cyanocitta cristata), Carolina chickadee (Poecile
carolinensis), Carolina wren (Thryothorus ludovicianus), gray catbird (Dumetella
carolinensis), mourning dove (Zenaida macroura), northern bobwhite, northern cardinal
(Cardinalis cardinalis), prairie warbler, white-eyed vireo, and yellow-breasted chat
(Icteria virens).
American crows were equally abundant in HC and SI and significantly less
abundant in Control (Table 2.3, Figure 2.6). Hooded warblers were equally abundant in
Control and HC, and significantly less abundant in SI than in both other treatments.
Eastern towhees were equally abundant in Control and SI and significantly more
abundant in HC than in both other treatments. Common yellowthroats were equally
abundant in Control and HC and significantly more abundant in SI than in both other
treatments. Indigo buntings were also equally abundant in Control and HC and
significantly more abundant in SI.
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Two of the species with statistically significant abundance differences among
treatments were short-distance migrants (American crow, eastern towhee), and three
species were Neotropical migrants (common yellowthroat, hooded warbler, indigo
bunting). None of the five resident species (blue jay, Carolina chickadee, Carolina wren,
mourning dove, northern bobwhite) showed significant differences among treatments.
Three of the species with significant abundance differences among treatments were early
successional breeding species (common yellowthroat, eastern towhee, indigo bunting)
while two species were not species typically associated with breeding in early
successional vegetation (American crow, hooded warbler).
For all species, Shannon’s Diversity Index did not differ significantly among
Control, HC, or SI treatments (Table 2.4). Shannon’s Diversity Index also did not differ
significantly for species grouped by migration status or by early successional breeding.
For all species, Conservation Value (CV) did not differ significantly among Control, HC,
or SI treatments (Table 2.4). CV also did not differ significantly for species grouped by
migration status or by early successional breeding status.

Vegetation Characteristics
Nudds board readings indicated that overall understory vegetation was
significantly less dense (P < 0.05) in HC than Control, less dense in HC than SI, and less
dense in SI than Control (Table 2.5). This relationship did change slightly, however,
based on the Nudds board section considered (Figure 2.4). For N1 (0–0.33 m from the
ground), understory vegetation was equally dense in Control and SI and significantly less
dense in HC than in Control and SI. Similarly, in N2 (0.33–0.66 m), understory
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vegetation was equally dense in Control and SI and less dense in HC than in both Control
and SI. In N3 (0.66–1 m), understory vegetation was less dense in HC than Control,
denser in SI than HC, but less dense in SI than Control. In section N4 (1–1.33 m), HC
and SI were equally dense and HC and SI were both less dense than Control. Similarly, in
section N5 (1.33–1.66 m), HC and SI were equally dense and both HC and SI were less
dense than Control. The trend continued in section N6 (1.66–2 m) as HC and SI were
equally dense, and both HC and SI were less dense than Control.
I modeled vegetation cover for seven functional plant guilds: vines, forbs, shrubs,
non-switchgrass graminoids, hardwoods, pines, and all dead plant material (Table 2.5).
There was significantly less vine coverage in HC than Control, significantly less vine
coverage in SI than Control, and significantly less vine coverage in SI than HC (Figure
2.5). In contrast, there was significantly more forb coverage in HC than Control,
significantly more forb coverage in HC than SI, and significantly more forb coverage in
SI than Control. Graminoid coverage was equivalent in HC and Control, higher in SI than
Control, and equivalent in SI and HC. There was significantly less shrub coverage in HC
than Control, significantly less shrub coverage in SI and Control, and a statistically equal
amount of shrub coverage in HC and SI. There was significantly less hardwood coverage
in HC than Control, significantly less hardwood coverage in SI than Control, and an
equivalent amount of hardwood coverage in SI and HC. In addition, there was an
equivalent amount of pine coverage in HC and Control, significantly less pine in SI than
Control, and a statistically equivalent amount of pine in HC and SI. Dead plant cover was
significantly higher in HC than Control, significantly higher in SI than Control, and
significantly higher in HC than SI (Figure 2.5).
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Discussion
Application of imazapyr and metsulfuron-methyl performed as expected and
limited hardwood and shrub (mainly blackberry) cover in HC. Interestingly, SI also
significantly reduced hardwood and shrub cover. As predicted, a decrease in hardwood
and shrub cover led to an increase in forbs and grasses in both HC and SI, likely because
more sunlight was able to reach the lower understory (Jones and Chamberlain 2004,
Welch et al. 2004, Sladek et al. 2008, Singleton et al. 2013). While it may not currently
be economically practical to use switchgrass intercropping instead of applying herbicide
to reduce hardwoods in a loblolly pine stand, it is interesting to note the similarity in
vegetation response among these treatments as future changes in forest resources and
fossil fuel prices could change that economic equation. A further economic consideration
that will require additional research, is the potential effect of switchgrass intercropping
on nutrient competition between this grass species and pine trees compared to HC stands.
If additional competition reduces pine growth in SI compared to HC, switchgrass
intercropping may not be a viable long-term management practice (Minick et al. 2014).
The detected increase in forbs and grasses in HC and SI relative to Control did not
contribute to a denser understory as I had predicted, and the similarities between plant
guilds in HC and SI did not equate to uniformly similar understory density. The addition
of switchgrass stalks to the understory density of SI stands is likely responsible for the
greater density in SI than HC in the overall density results and in the lowest three Nudds
board sections. Lower pine coverage in SI, potentially caused by a reduction in volunteer
pine growth due to more intense site preparation, is likely responsible for the lower
density in SI than Control in the overall density results and in the highest four sections of
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the Nudds board. A thick growth of blackberry shrubs and greater hardwood cover likely
contributed to greater overall density in Control and the greater density in Control for
each individual Nudds board section.
The increase in abundance of American crows in HC and SI compared to Control
could have been due to the less dense understory which may allow for easier access to
food resources (Poole 2013). Fewer hardwoods and shrubs may have allowed for better
access to ground feeding, and may have made prey items, such as birds eggs, nestlings
and small mammals more visible (Poole 2013). In addition, there were higher overall bird
detections in HC and SI stands which could indicate greater bird abundances and
therefore greater food resources. Furthermore, more open midstory conditions resulting
from fewer hardwoods in HC and SI may create preferred nesting for American crow or
reduced prevalence of predators, although additional research would be necessary to
confirm these possibilities. As past literature estimated American crow territories in other
parts of their range to be between 12-96 ha, however, it is possible the abundance
differences for this species may be an artifact of resource selection on a larger scale, and
not directly related to my treatments (Stouffer and Caccamise 1991, McGowan 2001).
Contrary to my prediction, eastern towhee was the only early successional
breeding bird species that was more abundant in HC than Control. This increase in
abundance was likely due reduction in hardwood cover, a relationship that has previously
been reported in other eastern towhee populations in the eastern United States (Bell and
Whitmore 1997, Burger et al. 1998). It is not clear why a reduction in hardwood cover in
SI did not also result in significantly greater eastern towhee abundances. Perhaps the
greater dead plant material cover in HC provided a more developed litter layer than SI, a
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condition which eastern towhees have been shown to prefer as it provides greater food
resources (Morimoto and Wasserman 1991).
Common yellowthroats and indigo buntings, the other two early successional
breeding species which exhibited significant abundances among treatments, showed
similar abundance patterns to one another and were both more abundant in SI than both
HC and Control. Both species have previously been shown to be more abundant in forests
with reduced midstory hardwoods and greater percentages of understory forb and grass
cover, which could explain the pattern seen in my study (Burger et al. 1998, Wood et al.
2004). Given these relationships, I also expected to see greater abundances of common
yellowthroats and indigo buntings in HC. It is possible that both species require a dense
overall understory in conjunction with a reduction in hardwood coverage, a condition
which was not available in HC, but was found more so in SI. In addition, my treatments
could have had some unquantified effect on food resources preferred by these species.
Both common yellowthroats and indigo bunting are primarily insect and spider eaters
during the breeding season (although indigo buntings may also eat some small berries
and seeds; Poole 2013). Previous research has shown intercropping switchgrass does
have some effect on arthropod abundance, and that loblolly pine stands intercropped with
switchgrass contained greater Orthoptera and Hemiptera abundances than loblolly pine
stands without switchgrass (Marshall et al. 2017b). There are no data available on insect
and arachnid abundances in a young loblolly pine stand subjected to hardwood control.
Further research on that subject could help illuminate if a difference in food abundance is
contributing to abundance patterns of common yellowthroats and indigo buntings
observed in my study.
28

Hooded warblers, not an early successional breeding species, unsurprisingly
showed the opposite abundance pattern to common yellowthroats and indigo buntings
and had a significantly lower abundance in SI. Previous research has demonstrated
breeding hooded warblers prefer to nest in forests with a dense, shrubby understory and
few small trees (Robinson and Robinson 1999, Bisson and Stutchberry 2000, Whittam et
al. 2002). Neither Control nor HC exactly fit both criteria, however Control did contain
the densest understory and HC stands contained the lowest hardwood cover (although not
significantly less hardwood cover than SI stands). Hooded warblers have been shown to
be more abundant in older bottomland hardwood clearcuts (12–18 years post-harvest)
than younger clearcuts (1–-5 years post-harvest; Heltzel and Leberg 2006). In addition,
hooded warblers and several other late forest species, while present in loblolly pine
stands pre-thinning, were present in greater densities in mid-rotation loblolly pine stands
(Wilson and Watts 2000). My results, therefore, indicate that Control emulated more
mature forest conditions than HC or SI.
As SI was not statistically different from HC in shrub or hardwood cover, and
contained a denser understory, the lower hooded warbler abundance in SI does not
entirely make sense. One potential explanation, that would also explain the difference in
HC and SI abundance for common yellowthroats and indigo buntings, is that the HC and
SI treatments are more different than my reported vegetation characteristics suggest. The
results from those three species suggest that HC are functionally similar to Control, even
though HC and SI were statistically equivalent in four out of seven recorded vegetation
characteristics (graminoid, shrub, hardwood, and pine coverage). When vegetation and
abundance results are considered together, it appears as though SI alone might “pause”
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the successional progression of understory growth and improve conditions for early
successional species. Further research should be conducted including additional
vegetation characteristics (e.g. vegetation diversity to species, canopy cover, canopy
height, and basal area for several DBH categories) to more clearly differentiate the
vegetation differences between HC and SI.
It is interesting to note that only one early successional species identified as
experiencing significant population declines in Mississippi over the past five decades
(common yellowthroat) showed a significant response to hardwood control or
switchgrass intercropping (Sauer et al. 2017). In addition, none of the species identified
as early successional Species of Greatest Conservation Concern in Mississippi showed a
significant response to hardwood control or switchgrass intercropping (Mississippi
Museum of Natural Science 2015). While there was some variability in abundance by
treatment for northern bobwhite and prairie warbler, a lack of statistical significance
indicates all three treatments may support equal populations of these species of concern.
Field sparrows, however, were not detected in large enough numbers to determine
abundances by treatment, and have not been prevalent at my study site since years one
through three of tree growth (Loman et al. 2014, Marshall et al. 2017a). This may
indicate that neither switchgrass intercropping nor hardwood control reverted loblolly
pine stand understory to an earlier enough stage of succession to support this species
throughout the early rotation period of these stands.
There are several additional possible reasons why abundances did not differ
among treatments for most species analyzed and why diversity and conservation value
did not differ for any grouping of species by migration or habitat association. First, HC
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and SI may have had less shrub coverage overall compared to Control, but patches of
dense shrubby vegetation were maintained in pine bed rows. These small patches may
have been enough to support the same community and abundance of breeding birds in all
treatments (Loman et al. 2014, Marshall et al. 2017a). In addition, best management
practices and forest certification standards place constraints on the age and/or forest type
of adjacent forest stands which results in a diverse landscape of vegetation conditions
(Miller et al. 2009, Sustainable Forestry Initiative 2015). The close proximity of diverse
vegetation conditions (e.g. adjacent young loblolly forest, mature loblolly forest, and
mixed pine-hardwood forest) within these managed systems may have balanced any
resource limitations within the relatively small HC or SI treatment plots as opposed to an
entire stand managed in this way.
The results of this research provide an interesting continuation to previous studies
on the changing bird community of young loblolly pine stands intercropped with
switchgrass. Initially, the bird community in switchgrass intercropped loblolly diverged
from a loblolly pine stand with no additional management (my Control treatment)
between tree planting and year three of tree growth (Loman et al. 2014). A follow up
study at the same location showed slight differences between SI and Control during year
four and five of tree growth (Marshall et al. 2017a). Statistically significant differences
between several bird species abundances during year six and seven of tree growth now
indicate a continuing divergence between SI and Control.
These projects, which have collected continuous data from the same location and
were analyzed using similar methodologies, can also provide insight into composition of
early successional breeding bird communities throughout growth of a young pine forest.
31

One such insight can be gained by examining which early successional species were
detected enough times (>50 detections) to be analyzed in package “unmarked” (Fiske and
Chandler 2011). During the first three years of the tree growth, 14 early successional
breeding bird species were detected enough times to obtain density estimates (density
estimate methodology is similar to abundance estimate methodology in packaged
unmarked, Table 2.5, Loman et al. 2014). Six of those species (blue grosbeak [Passerina
caerulea], brown thrasher [Toxostoma rufum], Carolina wren, field sparrow, northern
bobwhite, and orchard oriole [Icterus spurius]) decreased in numbers so dramatically,
they did not have enough detections to obtain density estimates in year four and five of
tree growth (Marshall et al. 2017a). Interestingly, after skipping years four and five of
tree growth, Carolina wren and northern bobwhite detections greatly increased in years
six and seven and I was again able to calculate abundances for that species by treatment.
The increase in abundance of these two species across all treatments may be due to some
vegetation characteristic common to all treatments that changed in years six and seven of
growth, or it may be due to the continued succession in the stands surrounding treatment
plots. Additional research to investigate this resurgence is needed. Data collection is
crucial to fully understanding the long-term effects of management practices on early
successional breeding bird communities and should be continued at least until crown
closure excludes these species.

Management Implications
The results of my study indicate that hardwood control and intercropping
switchgrass within young managed loblolly pine stands supports similar overall breeding
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bird abundances and diversity, including for two out of three early successional Species
of Special Concern, northern bobwhite and prairie warbler (Mississippi Museum of
Natural Science 2015). If improving vegetation conditions for all regionally important
early successional species is a management priority, however, particular emphasis should
be put on benefits of switchgrass intercropping for common yellowthroats, as this is a
species that is declining significantly in Mississippi (Sauer et al. 2017). In addition,
different management techniques may need to be tested to determine if any treatment will
revert understory conditions to the earliest stages of succession required for declining
species like the field sparrow. The recommendations resulting from my study must be
limited in scale, however, to relatively small patches (~10ha) in six and seven-year old
loblolly pine stands, given the scope of this study. Large-scale implementation of either
treatment on the landscape may result in different outcomes for bird abundances and
diversity.

33

Table 2.1

a

Daubenmire cover classes used to report understory density and average
percentage cover of plant guilds in managed loblolly pine stands in eastcentral Mississippi.

Daubenmire Score Classa

Percentage Cover

Midpoint of Range

1

0–5%

2.5%

2

5–25%

15.0%

3

25–50%

37.5%

4

50–75%

62.5%

5

75–95%

85.0%

6

95–100%

97.5%

From Daubenmire (1959).
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Table 2.2

Total species detections from point count surveys conducted between May
and June in 2016 and 2017 in managed loblolly pine stands in east-central
Mississippi, along with migration classifications, vegetation associations,
and Partners in Flight ranks for each species detected.

Common Name

Scientific Name

Migrationa

Breedingb

PIFc

Detections
2016

Detections
2017

American crow

Corvus
brachyrhynchos

S

N

1

128

68

Black-and-white
warbler

Mniotilta varia

N

N

1

4

10

Blue-gray gnatcatcher

Polioptila
caerulea

N

N

1

0

5

Brown-headed
cowbird

Molothrus ater

S

N

1

65

111

N

S

1

17

0

S

N

1

55

51

Blue grosbeak
Blue jay
Brown thrasher
Broad-winged hawk
Carolina chickadee
Carolina wren
Common ground dove
Common yellowthroat
Downy woodpecker
Eastern kingbird
Eastern towhee
Eastern wood-pewee
Field sparrow
Great-crested
flycatcher
Great-horned owl
Gray catbird
Hooded warbler
Indigo bunting
Kentucky warbler
Mourning dove
Northern bobwhite
Northern cardinal
Northern flicker
Northern mockingbird

Passernia
caerulea
Cyanocitta
cristata
Toxostoma rufum

S

S

2

15

7

Buteo platypterus
Poecile
carolinensis
Thryothorus
ludovicianus
Columbina
passerina
Geothlypis
trichas
Picoides
pubescens
Tyrannus
tyrannus
Pipilo
erythrophthalmus
Contopus virens

N

N

3

1

0

R

N

1

55

47

R

S

1

44

143

R

S

4

0

6

N

S

1

202

273

R

N

1

3

4

N

N

3

18

6

S

S

3

215

288

N

N

3

2

0

Spizella pusilla
Myiarchus
crinitus
Bubo virginianus
Dumetella
carolinensis
Setophaga citrina

S

S

3

20

8

N

N

1

11

8

R

N

1

1

0

N

S

1

40

75

N

N

1

14

58

N

S

1

120

170

N

N

1

1

4

R

N

1

75

76

R

S

3

54

65

R

S

1

169

105

R

N

3

1

0

R

N

1

8

1

Passerina cyanea
Geothlypis
formosa
Zenaida
macroura
Calinus
virginianus
Cardinalis
cardinalis
Colaptes auratus
Mimus
polyglottos
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Table 2.2 (continued)
Orchard oriole

Icterus spurius

N

N

1

25

28

Pine warbler

Dendroica pinus
Dyrocopus
pileatus
Dendroica
discolor
Melanerpes
carolinus
Vireo olivaceus
Malnerpes
erythrocephalus
Buteo lineatus
Archilochus
colubris
Piranga rubra

R

N

1

10

21

R

N

1

10

10

N

S

3

183

132

R

N

1

65

7

N

N

1

4

4

R

N

1

8

30

S

N

1

0

2

N

N

1

14

13

N

N

1

1

1

N

S

1

222

331

N

N

3

3

10

N

S

1

481

599

N

N

3

4
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Pileated woodpecker
Prairie warbler
Red-bellied
woodpecker
Red-eyed vireo
Red-headed
woodpecker
Red-shouldered hawk
Ruby-throated
hummingbird
Summer tanager
White-eyed vireo
Wood thrush
Yellow-breasted chat
Yellow-billed cuckoo

Vireo griseus
Hylocichla
mustelina
Icteria virens
Coccyzus
americanus

a

Migration classifications include R (resident), S (short distance migrant), and N
(Neotropical migrant) from Poole (2013).
b
Breeding classifications include S (early successional vegetation associations) and N
(non-early successional vegetation associations) from the “scrub-successional” breeding
category of the Breeding Bird Survey (Sauer et al. 2017).
c
Partners in Flight ranks using the methodology of Nuttle et al. (2003) and information
for the Southeastern Coastal Plain Bird Conservation Region 27 (Panjabi et al. 2017).
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Table 2.3

Average abundances ± standard errors per treatment plot for 16 breeding
bird species detected within young managed loblolly pine stands in eastcentral Mississippi between May and June of 2016 and 2017.

Treatmenta
Species

Control

Hardwood Control

Switchgrass Intercropped

American crow

4.77 ± 1.35 b

8.49 ± 2.16 a

8.97 ± 2.16 a

Brown-headed cowbird

5.49 ± 1.72

6.48 ± 2.00

6.13 ± 1.86

Blue jay

4.36 ± 2.38

5.63 ± 3.10

5.82 ± 3.12

Carolina chickadee

3.82 ± 1.32

5.15 ± 1.66

2.90 + 1.07

Carolina wren

4.82 ± 1.86

7.52 ± 2.86

5.65 ± 2.16

Common yellowthroat

6.45 ± 1.85 b

10.70 ± 2.83 b

14.01 ± 3.69 a

Eastern towhee

7.89 ± 2.53 b

12.71 ± 3.53 a

9.72 ± 2.78 a

Gray catbird

6.71 ± 3.13

6.78 ± 3.00

5.32 ± 2.63

Hooded warbler

4.30 ± 1.52 a

3.55 ± 1.19 a

0.53 ± 0.32 b

Indigo bunting

5.56 ± 2.16 b

6.50 ± 2.54 b

11.02 ± 4.23 a

Mourning dove

7.39 ± 2.59

6.58 ± 2.33

6.00 ± 2.17

Northern bobwhite

5.92 ± 2.41

5.94 ± 2.46

7.41 ± 3.08

Northern cardinal

9.36 ± 2.74

7.27 ± 2.15

9.06 ± 2.65

Prairie warbler

8.41 ± 1.91

5.85 ± 1.34

6.82 ± 1.53

White-eyed vireo

14.59 ± 5.01

13.89 ± 4.70

14.38 ± 4.94

Yellow-breasted chat

18.61 ± 6.76

19.46 ± 6.95

20.85 ± 7.43

a

Treatments include Control: loblolly pine stands with no additional management,
Hardwood Control: loblolly pine stands with imazapyr and metsulfuron-methyl herbicide
applications, and Switchgrass Intercropped: loblolly pine stands with switchgrass
intercropped between pine rows.
Species with significant abundance differences among treatments are marked with a
lowercase letter. If abundances for two treatments are marked with the same letter, it
indicates they are statistically equivalent.
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Table 2.4

ANOVA results from comparisons of Shannon’s diversity index and
Partners in Flight Conservation Value among hardwood control treated
loblolly pine stands, switchgrass intercropped loblolly pine stands, and
stands with no additional management for birds grouped by migration
status and vegetation association.

Grouping

F-value

P-value

Diversityc
1.07
0.36
CVd
0.23
0.80
Diversity
0.34
0.71
Resident
CV
0.05
0.95
Migrationa
Diversity
0.12
0.89
Short Distance
CV
2.55
0.09
Diversity
0.34
0.71
Neotropical
CV
1.35
0.27
Diversity
0.59
0.56
S
Vegetation
CV
0.70
0.51
b
Association
Diversity
1.25
0.30
N
CV
1.06
0.36
a
Migration classifications include Resident, Short distance migrant, and Neotropical
migrant from Poole (2013).
b
Breeding classifications include S (early successional vegetation associations) and N
(non-early successional vegetation associations) from the “scrub-successional” breeding
category of the Breeding Bird Survey (Sauer et al. 2017).
c
From Shannon (1948).
d
Partners in Flight ranks using the methodology of Nuttle et al. (2003) and information
for the Southeastern Coastal Plain Bird Conservation Region 27 (Panjabi et al. 2017).
All Species
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Table 2.5

Ordinal regression results from comparisons of understory density
determined with a Nudds board among hardwood control treated loblolly
pine stands, switchgrass intercropped loblolly pine stands and stands with
no additional management in east-central Mississippi.

Categorya
All Nudds

N1

N2

N3

N4

N5

N6

Vine

Forb

Graminoid

Shrub

Hardwood

Pine

Dead

Treatment
Comparisonb

Estimate

Z-value

P-value

Control-HC
Control-SI
HC-SI
Control-HC
Control-SI
HC-SI
Control-HC
Control-SI
HC-SI
Control-HC
Control-SI
HC-SI
Control-HC
Control-SI
HC-SI
Control-HC
Control-SI
HC-SI
Control-HC
Control-SI
HC-SI
Control-HC
Control-SI
HC-SI
Control-HC
Control-SI
HC-SI
Control-HC
Control-SI
HC-SI
Control-HC
Control-SI
HC-SI
Control-HC
Control-SI
HC-SI
Control-HC
Control-SI
HC-SI
Control-HC
Control-SI
HC-SI

-0.60
-0.39
0.21
-0.55
0.10
0.65
-0.61
-0.24
0.37
-0.76
-0.47
0.29
-0.67
-0.51
0.16
-0.68
-0.54
0.13
-0.58
-0.45
0.14
-0.82
-1.08
-0.26
0.63
0.21
-0.42
0.15
0.34
0.19
-0.61
-0.72
-0.11
-1.17
-0.86
0.31
-0.16
-0.33
-0.117
1.19
0.78
-0.41

-13.07
-8.37
4.82
-3.67
0.57
4.17
-5.00
-1.90
3.16
-6.48
-3.88
2.73
-6.34
-4.81
1.60
-6.27
-5.00
1.33
-5.53
-4.21
1.34
-7.89
-10.11
-2.49
6.03
2.04
-4.09
1.43
3.23
1.81
-5.93
-6.91
-1.05
-7.63
-6.38
1.81
-1.30
-2.62
-1.34
9.47
6.11
-3.82

<0.01
<0.01
<0.01
<0.01
0.57
<0.01
<0.01
0.57
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
0.11
<0.01
<0.01
0.19
<0.01
<0.01
0.18
<0.01
<0.01
0.01
<0.01
0.04
<0.01
0.15
<0.01
0.07
<0.01
<0.01
0.29
<0.01
<0.01
0.07
0.20
<0.01
0.18
<0.01
<0.01
<0.01
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Table 2.5 (continued)
a

Categories include All Nudds: coverage readings from all sections of the Nudds board
(Nudds 1977), N1: coverage of lowest Nudds board section to the ground (0–0.33 m
from ground), N2: coverage of board section 0.33–0.66 m from ground, N3: coverage of
board section 0.66–1 m from ground, N4: coverage of board section 1–1.33 m from
ground, N5: coverage of board section 1.33–1.66 m from ground, N6: board section
1.66–2 m from ground, Vine: coverage of understory vines, Forb: coverage of
herbaceous flowering plants, Graminoid: coverage of non-switchgrass grasses, sedges,
and rushes, Shrub: coverage of small to medium sized woody plants, Hardwood:
coverage of hardwood trees, Pine: coverage of pine trees, Dead: coverage of a
combination of all types of dead vegetation.
b
Treatments include Control: loblolly pine stands with no additional management, HC:
loblolly pine stands with imazapyr and metsulfuron-methyl herbicide applications, and
SI: loblolly pine stands with switchgrass intercropped between pine rows.
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Table 2.6

Early successional breeding bird species with 50+ detections during point
counts conducted between May and June from 2011 and 2017 in a
managed loblolly pine stands in east-central Mississippi.

Bird Speciesa

Point Count Years

Common Name

Scientific Name

2011–2013a

2014–2015b

2016–2017c

Blue grosbeak

Passernia caerulea

X

Brown thrasher

Toxostoma rufum

X

Carolina wren

Thryothorus
ludovicianus

X

Common
yellowthroat

Geothlypis trichas

X

X

X

Eastern towhee

Pipilo
erythrophthalmus

X

X

X

Field sparrow

Spizella pusilla

X

Gray catbird

Dumetella
carolinensis

X

X

X

Indigo bunting

Passerina cyanea

X

X

X

Northern
bobwhite

Calinus virginianus

X

Northern cardinal

Cardinalis cardinalis

X

Orchard oriole

Icterus spurius

X

Prairie warbler

Dendroica discolor

White-eyed vireo

Vireo griseus

X

X
X

X

X

X

X

X

X

X

Yellow-breasted
Icteria virens
X
X
X
chat
a
Early successional bird species determined from the “scrub-successional” breeding
category in the Breeding Bird Survey (Sauer et al. 2017).
b
Data from Loman et al. (2014).
c
Data from Marshal et al. (2017).
d
Data from present study.
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Figure 2.1

Aerial view of three treatment plots within five experimental blocks at a
study site characterized by managed loblolly pine stands in east-central
Mississippi.

Treatments include brown: switchgrass (Panicum virgatum) planted between loblolly
beds in 2011 and 2012, cut and baled in 2013, 2014, and 2015; grey: aerial application of
imazapyr and metsulfuron methyl between loblolly rows in 2015; green: loblolly with no
additional management. Block “1” was originally created for a prior study and was
discontinued before my project began.
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Figure 2.2

Representative layout of 25 random vegetation survey points in relation to
permanent point count locations along the diagonal axis of a 10 ha
treatment plot within an experimental study block.

Study site contained five blocks, each with three 10 ha treatment stands. Within each
treatment stand, three permanent point locations were placed 100 m apart across the
diagonal axis of the treatment. To determine vegetation characteristics within each
treatment stand, twenty-five survey points were created along the same diagonal axis and
were centralized around 5 “hubs” placed 50 m apart. Three of the hubs were located at
the permanent point count locations.

43

Figure 2.3

a
b

Proportional contribution of Daubenmire cover classes to all Nudds board
reading used to determine understory density in three treatments within
managed loblolly pine stands in east-central Mississippi.

Cover Class scores from Daubenmire (1959).
Treatments include HC: aerial application of imazapyr and metsulfuron methyl
between loblolly rows in 2015, SI: switchgrass (Panicum virgatum) planted between
loblolly beds in 2011 and 2012, cut and baled in 2013, 2014, and 2015, and Control:
loblolly with no additional management.

Lowercase letters within the bar for each treatment indicate significant differences among
treatments: ‘a’ indicates highest vegetation density in Control treatments, ‘b’ indicates
significantly lower density in SI, and ‘c’ indicates the lowest density in HC.
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Figure 2.4

Proportional contribution of Daubenmire cover classes to all readings of
individual Nudds board sections, N1 to N6, used to determine understory
density in three treatments within managed loblolly pine stands in eastcentral Mississippi.

a

N1 indicates the Nudds board section closest to the ground. Sections move farther from
the ground with each increasing number, making N6 the section farthest
from the ground (2 m high).
b
Treatments include HC: aerial application of imazapyr and metsulfuron methyl
between loblolly rows in 2015, SI: switchgrass (Panicum virgatum) planted between
loblolly beds in 2011 and 2012, cut and baled in 2013, 2014, and 2015, and Control:
loblolly with no additional management.
c
Cover Class scores from Daubenmire (1959).
Lowercase letters within the bar for each treatment indicate significant differences among
treatments: ‘a’ indicates highest vegetation density, ‘b’ indicates second highest density,
and ‘c’ indicates the lowest density. If two treatments are labeled with the same
lowercase letter it indicates statistically equivalent vegetation densities.
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Figure 2.5

Proportional contribution of Daubenmire cover classes to all readings of
percentage cover for seven functional plant guilds in three treatments
within managed loblolly pine stands in east-central Mississippi.

a

Percentage cover was determined for the following plant guilds: Vine, Forb
(herbaceous flowering plants), Graminoid (non-switchgrass grasses, sedges, and rushes),
Shrubs (small to medium sized woody plants), Hardwood (all hardwood trees), Pine (all
pine trees), and Dead (a combination of all types of dead vegetation).
b
Treatments include HC: aerial application of imazapyr and metsulfuron methyl
between loblolly rows in 2015, SI: switchgrass (Panicum virgatum) planted between
loblolly beds in 2011 and 2012, cut and baled in 2013, 2014, and 2015, and Control:
loblolly with no additional management.
c
Cover Class scores from Daubenmire (1959).
Lowercase letters within the bar for each treatment indicate significant differences among
treatments: ‘a’ indicates highest percent cover, ‘b’ indicates second highest percent cover,
and ‘c’ indicates the lowest percent cover. If two treatments are labeled with the same
lowercase letter it indicates statistically equivalent covers for that plant guild. If a
treatment is labeled with two lowercase letters it indicates equivalent cover to two other
treatments.
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Figure 2.6

a
b

Average abundance and 95% confidence intervals for five bird species with
statistically significant abundance differences among three treatments
within managed loblolly pine stands in east-central Mississippi.

Number of birds per treatment plot within a study block.
Treatments include HC: aerial application of imazapyr and metsulfuron methyl
between loblolly rows in 2015, SI: switchgrass (Panicum virgatum) planted between
loblolly beds in 2011 and 2012, cut and baled in 2013, 2014, and 2015, and Control:
loblolly with no additional management.

Species are listed in the upper left corner of each figure and include American crow
(AMCR), hooded warbler (HOWA), common yellowthroat (COYE), indigo bunting
(INBU), and eastern towhee (EATO). Abundances determined using function gdistsamp
in package “unmarked” (Fiske and Chandler 2011). Lowercase letters indicate significant
differences among abundances. Letter ‘a’ indicates highest abundance and ‘b’ represents
lowest abundance. If two treatments are labeled with the same lowercase letter they are
statistically equivalent.
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CHAPTER III
YELLOW-BREASTED CHAT DIET AND MOVEMENT RESPONSE TO
HARDWOOD CONTROL AND SWITCHGRASS INTERCROPPING
IN YOUNG, MANAGED LOBLOLLY PINE STANDS

Introduction
Forest managers can choose from a suite of different management approaches
when establishing and operating commercially viable pine (Pinus spp.) stands (Miller and
Miller 2004, Fox et al. 2007b). Before tree thinning (~10 years after stand establishment),
common management techniques can be grouped into three categories: 1) site preparation
practices, including both mechanical and chemical preparation; 2) herbaceous weed
control (HWC), often used for one to two years after site preparation; and 3) hardwood
control during early rotation, used to reduce resource competition among trees (Miller
and Miller 2004, Wagner et al. 2004, Zobrist et al. 2005, Fox et al. 2007b). Exploratory
management techniques to improve land use efficiency have also been implemented in
managed loblolly pine (P. taeda) stands. Intercropping switchgrass (Panicum virgatum)
between young loblolly pine trees for cellulosic biomass production is one such recently
developed potential management practice (Riffell et al. 2012). An increasing interest in
promoting ecological value within managed loblolly pine stands, through programs such
as the Sustainable Forestry Initiative, has resulted in a better understanding of how these

54

management practices affect biodiversity within working forest landscapes (Wigley et al.
2000, Miller and Miller 2004, Wagner et al. 2004, Zobrist et al. 2005, Miller et al. 2009,
Sustainable Forestry Initiative 2015). Monitoring presence, demographic, or other
ecological properties of bird species that rely on early successional vegetation has
become particularly important due to significant population declines of species within
this group across the United States since the mid-1960s (Sauer et al. 2017). Across the
southeastern Coastal Plain of the U.S. during 1966 to 2015, 48% of early successional
breeding birds experienced significant population declines (Sauer et al. 2017). In
Mississippi, two bird species that breed in young loblolly pine stands (northern bobwhite
[Colinus virginianus], and prairie warbler [Setophaga discolor]) have been identified as
Species of Greatest Conservation Need by the Mississippi Department of Wildlife,
Fisheries, and Parks (Mississippi Museum of Natural Science 2015).
There is currently a dearth of information detailing if management practices
implemented in young loblolly pine stands influence food and space use by early
successional birds. Most research has instead focused on abundance or diversity of early
successional bird species or on vegetation guilds (e.g. forbs, grasses) deemed important
to these birds (e.g. Childers et al. 1986, Welch et al. 2004, Legrand et al. 2007, Sladek et
al. 2008, Hanberry et al. 2012, Loman et al. 2014). Determining how these birds move
and use resources within landscapes is important if we are to fully understand effects of
stand-level management practices, such as hardwood control or switchgrass
intercropping, on these avian communities. Monitoring movements of early successional
bird species via radiotelemetry is one way to investigate this information gap.
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Previous research has found that herbicide use (HWC and hardwood control
combined) during site preparation in loblolly pine stands increased storage of C in woody
biomass and in forest litter by mid-rotation when compared to loblolly pine stands
without herbicide applications (Shan et al. 2001, Sartori et al. 2007). If this pattern holds
true with continued herbicide use to control hardwood growth, C values for plants within
stands subjected to chemical hardwood control may be higher compared to non-treated
stands. Switchgrass intercropping has also been associated with greater labile C (soil
carbon with a relatively quick turnover rate [<5 years]) compared with labile C measured
in loblolly pine stands managed with suppression of understory vegetation (Blazier et al.
2012). If plants in a loblolly pine stand intercropped with switchgrass are able to use this
increase in labile soil C, then it is expected that C values in vegetation in switchgrass
intercropped stands may be greater compared to both hardwood control stands and stands
with no additional management.
Herbicide use (HWC and hardwood control combined) during site preparation has
been shown to increase accumulation of soil N in the first and second year of loblolly
pine stand growth, likely due to the increased decomposition of vegetation targeted by
herbicide (Vitousek and Matson 1985, Vitousek et al. 1992, Ibell et al. 2012). If plants in
loblolly pine stands managed with hardwood control are able to take advantage of this
increase in soil N, total N in these plants may be greater in hardwood control stands
relative to loblolly pine stands with no additional management. Switchgrass
intercropping, however, has been shown to decrease soil N (Minick et al. 2014). This
could result in an increase in competition for a limited amount of N, and could result in
lower total N values in plants growing in loblolly pine stands intercropped with
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switchgrass compared to both loblolly pine stands subjected to hardwood control and
stands with no additional management.
Limited information is available detailing if use of herbicides to control hardwood
growth or switchgrass intercropping in loblolly pine stands influences the ratio of 13C:12C
(δ13C) or the ratio of 15N:14N (δ15N) in plant species or birds found in those stands. If the
decomposing vegetation targeted by the herbicides acts as a fertilizer, δ15N may be
enriched (higher ratio of 15N to 14N) in both plants and consumers of those plants
compared to stands with no additional management (Choi et al. 2005). As switchgrass is
a C4 plant, which typically have more enriched δ13C values (higher ratio of 13C to 12C)
than C3 plants (Smith and Epstein 1971, Tieszen et al. 1983), incorporating decomposing
switchgrass into a loblolly pine stand may also enrich δ13C in other plants in the stand.
There is some evidence, however, that switchgrass does not change δ13C or δ15N values
in consumers such as white-footed mice (Peromyscus leucopus) or a variety of arthropods
(Briones et al. 2013, Marshall et al. 2017b) and, therefore, this practice may not influence
stable isotope ratios in birds.
When evaluating how early successional birds use food resources within a forest
stand, it is important to consider movements of these birds and how they use space
within, and also around, a particular forest stand. Working forest landscapes often exhibit
a diverse landscape of vegetation conditions due to management best practices and forest
certification standards (Miller et al. 2009, Sustainable Forestry Initiative 2015). The
highly vagile nature of birds means an individual could be taking advantage of this
heterogeneous landscape and could move between stands of different ages or
management regimes to meet its food and other resource needs (Zanette et al. 2000,
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Fahrig et al. 2011). Eastern towhees (Pipilo erythrophthalmus) in South Carolina, for
example, have been shown to travel freely between young managed loblolly pine stands
and mature managed loblolly pine stands (stand size varied from 3 – 59 ha) as long as
there was a well-developed midstory and ground cover (Krementz and Powell 2000). In
addition, yellow-breasted chats (Icteria virens) in Ohio have been shown to move
between patches of differently aged regenerating oak (Quercus spp.)-hickory (Carya
spp.) forests (patch size between 4–18 ha), possibly to evaluate quality of different
patches for future breeding activity or in search of extra-pair copulations (Lehnen and
Rodewald 2009).
As similar bird movements may occur around young loblolly pine stands, tracking
movements in conjunction with an analysis of stable isotope ratios may provide a more
complete picture of how these management practices affect resource use in birds. My
primary objectives, therefore, were to 1) determine if hardwood control via herbicides
and switchgrass intercropping affect total C and N and δ13C and δ15N values in early
successional birds and in plant species, 2) evaluate if early successional birds integrate
switchgrass into their diet in loblolly pine stands intercropped with switchgrass compared
to pine stands subjected to hardwood control and pine stands with no additional
management, and 3) establish how early successional birds use space in young loblolly
pine stands. I used yellow-breasted chat as a focal species for these objectives because of
their abundance at my study site (Loman et al. 2014, Marshall et al. 2017a), and because
their reliance on early successional vegetation during breeding season has resulted in
declines in their abundance across the United States (Sauer et al. 2017).
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Based on the previously mentioned research outlining effects of herbicides and
switchgrass intercropping on soil C and N, I hypothesized that total C would be greatest
for plants and birds in loblolly pine stands intercropped with switchgrass, lower in stands
subjected to hardwood control, and lowest in stands with no additional management. I
further hypothesized that total N would be greater for plants and birds in loblolly pine
stands treated subjected to hardwood control compared to stands with no additional
management, and would be lower in stands intercropped with switchgrass than both
hardwood control stands and stands with no additional management. I hypothesized that
hardwood control would lead to decomposition of some plant material which would have
a fertilization effect on the stand and enrich δ15N compared to switchgrass intercropped
stands and stands with no management. I also hypothesized that incorporation of C4
switchgrass would enrich plant δ13C but, based on research showing no discernable
incorporation of switchgrass-derived carbon into the diets of white-footed mice (Briones
et al. 2013) and arthropods (Marshall et al. 2017b), I expected that I would see the same
pattern in birds, in that switchgrass would not be incorporated into diets of birds sampled
from within switchgrass intercropped loblolly pine stands and δ13C values would be
equivalent to birds in hardwood control stands and stands with no additional
management. Finally, I hypothesized that yellow-breasted chats would show similar
unrestricted movement as in other parts of their range and would move freely among
adjacent stands of different ages and management trajectories.
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Materials and Methods
Study Area
My project was conducted in Kemper County, Mississippi (32°52’N, 88°33’W)
within a 25,000 ha study site of timberland dominated by managed loblolly pine (70%)
and interspersed with hardwood (10%) and mixed pine-hardwood stands (17%),
primarily within streamside management zones (SMZs; Iglay 2010). This study site was
located within the Interior Flatwoods Area of the Upper Coastal Plain (Petty 1977) on
property owned and managed by Weyerhaeuser Company.

Experimental Treatments
A randomized complete block design was followed to create five blocks (Figure
3.1) within the study site, each containing three, 10 ha, treatment plots. These plots were
established in 2011 through a study to determine feasibility of intercropping switchgrass
with young loblolly pine stands as a biomass energy resource (by Catchlight Energy
LLC, a joint venture between Chevron and Weyerhaeuser) and potential effects of
intercropping on invertebrate, mammal, and bird communities (e.g. Briones et al. 2013,
Loman et al. 2014, Wheat 2015, Marshall et al. 2017a). All plots were previously clearcut
harvested in 2009 and 2010. Before re-planting, a V-blade plow, bedding plow, and
subsoil ripper were used to establish pine beds in all stands. Loblolly pine seedlings were
planted in rows 1.5×6.1 m apart (1,100 seedlings/ha) in all stands. During the first
growing season after pine seedlings were planted, a banded application of imazapyr
(Arsenal, BASF, Research Triangle Park, NC) and sulfometuron-methyl (Oust, E. I. du
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Pont de Nemours and Company, Wilmington, DE) was applied to all stands to
temporarily reduce woody and herbaceous competition.
In additional to this universal site preparation, the following treatments were
randomly assigned to one plot in each of the five blocks (Figure 3.1):
1)

Experimental Control (Control): no additional management subsequent to
banded imazapyr and sulfometuron-methyl application;

2)

Hardwood Control (HC): additional herbicide treatment applied through aerial
spraying to reduce hardwood and blackberry in addition to standard site
preparation. Herbicide was aerially applied in HC stands in fall 2015 using a
combination of Arsenal (imazapyr; hardwood control; BASF, Research
Triangle Park, NC) and Escort (metsulfuron-methyl; hardwood and blackberry
control; Bayer, Research Triangle Park, NC);

3)

Switchgrass Intercropped (SI): switchgrass intercropped between loblolly
rows, requiring more extensive site preparation including woody debris and
stump removal to facilitate switchgrass growth. A banded application of
glyphosate (Accord XRT, Dow AgroSciences, Indianapolis) was applied to interbed rows. Switchgrass was then broadcast seeded in spring 2011 and reseeded

in 2012 at a rate of 1.47 kg of seed per ha. Inter-bed rows were fertilized
(Arborite, Weyerhaeuser Company, Seattle, WA) and treated with additional
herbicide (triclopyr [Garlon 4 Ultra, The Dow Chemical Company, Midland,
MI]; metsulfuron-methyl, and chlorsulfuron [Cimmaron Plus, Du Pont, Old
Hickory, TN]) in 2014, and only fertilized in 2015. Switchgrass intercropped
plots were cut and baled during fall 2013, 2014, and 2015; they were not cut
in 2016 or 2017.
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Study Design
Yellow-breasted Chat Movement
I used radiotelemetry tags (Advanced Telemetry Systems, Isanti, MN; model#
A1035; weight = 0.70 g) to monitor yellow-breasted chat movements between May and
July, 2016. I used mist-nets and playback recordings of male yellow-breasted chat song
to capture birds. I attached a metal USGS band to captured birds, recorded demographic
and morphometric information (e.g. age [juvenile or adult], sex, wing length [mm], and
mass [g]), and then affixed the backpack-style radiotelemetry tag to each bird (USGS
Federal Bird Banding Permit #23835; IACUC Protocol 14-004). I attached
radiotelemetry tags using grey embroidery thread (to match the feathers of the bird) using
the “figure-eight” method (Rappole and Tipton 1991). After attaching a radiotag, I
radiotracked each bird every 1–2 days until the end of the field season, or until signal was
lost due to death (confirmed by visual observation of bird remains) or other unknown
cause. I recorded a GPS location each time I had visual confirmation of the re-located
bird or, to avoid flushing the bird, when I was within one pine row (6.1 m) which, based
on my field testing, was the farthest distance a radiotransmitter was located if receiver
gain level was at the lowest setting and a strong signal was detected (Mech 1983).
Isotope Analysis
I collected blood samples from yellow-breasted chats captured between May and
July, 2017. For each bird, I collected a small blood sample (< 74 µl) from the brachial
vein, puncturing the vein with a sterile needle (27 gauge), and blood was collected using
a non-heparinized capillary tube (volume = 74 µl; IACUC Protocol 17-322). I collected
less than the 1% body weight recommended as a best practice (Fair et al. 2010). I
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immediately froze blood samples and then subsequently vacuum dried and stored
samples in a refrigerator until I shipped them for analyses.
I also collected samples of plant species representative of the predominant
vegetation in treatment stands (needles of loblolly pine, leaves of blackberry, and blades
of switchgrass) from each treatment and in each block for isotope analyses. I collected
samples from locations approximately 100 meters apart along the diagonal axis of each
treatment to ensure samples captured any potential variation among those plant species
within each treatment. I vacuum dried plant samples prior to sending them for analyses.
I sent all dried samples to The Center for Applied Isotope Studies at the
University of Georgia (Athens, Georgia) for analysis of total C, total N, C:N ratios, δ13C,
and δ15N. I ground samples to a uniform fine-grained texture and these were analyzed
using a Delta Plus isotope-ratio mass spectrometer (ThermoFinnigan, San Jose, CA,
USA) coupled with an elemental analyzer (Costech, Valencia, CA, USA). Values of total
C and N and δ13C and δ15N were quantified using one internal lab and NIST (8414)
reference standard after every 12 samples. The reference standard material for carbon
was Pee Dee Belemnite carbonate, and reference standard material for nitrogen was
atmospheric air. Standard deviation for the precision of these analyses were 0.15‰ for
δ13C and 0.23‰ for δ15N. Average standard deviation of accuracy for δ13C was 0.19‰
and 0.11‰ and for δ15N.
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Statistical Analysis
Yellow-breasted Chat Movement
To evaluate yellow-breasted chat movement in SI, I calculated percentage of
locations inside SI and percentage of locations outside of SI for each individual bird. I
compared these percentages among birds in different blocks.

Isotope Analysis
To compare total C and N and δ13C and δ15N in yellow-breasted chat, blackberry,
and loblolly pine samples among treatments, I created linear mixed effects models using
function lmer (package “lme4” in R; Douglas et al. 2015, R Core Team 2016). For all
models, I included treatment as a fixed effect and block as a random effect. I evaluated
differences among the three treatments using function glht in package “multcomp”
(Hothorn et al. 2008). I considered differences in total C, total N, δ13C, and δ15N among
treatments were considered significant if P<0.05.
To determine contribution of C4 and C3 sources assimilated by yellow-breasted
chats in my three treatments, I used two-source mixing models which incorporate error
around the mean of each source value (IsoError; Phillips and Gregg 2001). While newer
Bayesian mixing models also incorporate error around the source mean, the simplicity of
my data (two sources, one isotope) made a less complex mixing model method
appropriate (Layman et al. 2012). For my models, I applied a tissue discrimination
correction factor of 1.3‰ (the average C discrimination factors determined for blood
samples in a variety of bird species [Hobson and Barlein 2003]) to my plant δ13C values.
For C3 plant proxy δ13C values in HC, SI, and Control, I used the mean value and
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standard deviation from all blackberry samples collected in each respective treatment. For
C4 plant proxy δ13C values in HC, SI, and Control, I used the mean value and standard
deviation from switchgrass samples collected in SI, as that was the only C4 plant I
analyzed (see Briones et al. 2013). Contributions in each treatment were considered
significantly different if 95% confidence intervals did not overlap.

Results
Yellow-breasted Chat Movement
Between May and July of 2016, I attached radiotelemetry tags to nine yellowbreasted chats. While my original intent was to track birds in all treatments, understory
vegetation of HC and Control caused unreliable radio signals and extreme difficulty in
moving through stands to reach radiotagged birds. As a result, I was only able to record
movements of birds in SI. In addition, if yellow-breasted chats radiotagged in SI traveled
outside of the treated plot, it was not possible to obtain exact GPS points. Instead, I
recorded general direction and location. Two yellow-breasted chat were radiotagged in
Block 6 (Figure 3.1) and seven yellow-breasted chat were radiotagged in Block 5; all
were female. One bird was never relocated after the day of capture. The remaining eight
birds were re-located at least 13 times, with an average of 21 ± 6.2 (st. dev.) re-locations
(Table 3.1).
Individual birds varied dramatically in number of locations inside and outside SI
(Table 3.1). The two birds radiotagged in Block 6 were found inside SI for more than
90% of locations (90.9% and 96.4%; Figure 3.2). Birds radiotagged in Block 5 were
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found inside SI for between 5.6% and 84.2% of locations (5.6%, 5.9%, 46.9%, 53.8%,
77.8%, 84.2%; Figure 3.2).

Isotope Analysis
Total C, Total N, and C:N in Vegetation and Bird Samples
From May to July, 2017 I collected 42 blackberry leaf samples, 34 loblolly pine
needle samples, 15 switchgrass blade samples, and 51 yellow-breasted chat blood
samples for isotope analyses (Table 3.2). In blackberry and loblolly pine samples, total C
did not differ among treatments (Table 3.3, 3.4). In blackberry samples, total N was
significantly greater in HC than Control and values in SI were not significantly different
from either HC or Control. Total N in loblolly pine samples, however, did not vary
among treatments. C:N was consistent between vegetation, and for both blackberry and
loblolly pine samples C:N was significantly lower in HC than Control with SI values not
significantly different from either Control or HC.
In yellow-breasted chat samples, total C was equivalent in bird sampled in HC
and SI and lower in birds sampled in both HC and SI than Control (Table 3.5). Total N in
yellow-breasted chat samples was significantly less in SI than Control with HC values
intermediate although not significantly different from either Control or HC. C:N in
yellow-breasted chat samples was not significantly different among treatments (Table
3.5).
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δ13C and δ15N in Vegetation and Birds Samples
In blackberry samples, δ13C values were statistically equivalent in HC and
Control, statistically equivalent in SI and Control, but were more significantly enriched in
SI than in HC (Table 3.3, Figure 3.3). In loblolly pine samples, δ13C values were
statistically equivalent in HC and Control, but were significantly more enriched in SI than
Control or HC (Table 3.4, Figure 3.3). Values of δ15N measured in blackberry samples
were significantly more enriched in HC than Control, significantly more enriched in SI
than Control, and statistically equivalent in SI and HC. δ15N values in loblolly pine
samples were significantly more enriched in HC than Control, significantly more
enriched in SI than Control, and statistically equivalent in SI and HC.
In yellow-breasted chat samples, δ13C values were statistically equivalent in HC
and Control, and were more enriched in SI than Control or HC (Table 3.5, Figure 3.3).
δ15N values measured in yellow-breasted chat samples were significantly more enriched
in HC than Control, significantly more enriched in SI than Control, and statistically
equivalent in HC and SI.

Contribution of C4 and C3 plants to Yellow-breasted Chat Diet
Proportion of C3 and C4 plants assimilated by yellow-breasted chats was
statistically equivalent in Control and HC (Control mean C3 contribution: 74.56%, 95%
confidence interval: 73.62 – 75.50%, mean C4 contribution: 25.44%, 24.50 – 26.38%;
HC C3: 74.37%, 73.00 – 75.73%, C4: 25.63%, 24.27 – 27.00%; Figure 3.4). Proportion
of C4 plant contribution to diets of yellow-breasted chats was significantly higher, and
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proportion of C3 plant contribution significantly lower, in SI (C3: 71.46%, 69.95 –
72.96%; C4: 28.54%, 27.04 – 30.05%) relative to within both Control and HC.

Discussion
My results indicated that yellow-breasted chats moved frequently among loblolly
pine stands of different ages and managed in different ways (switchgrass intercropped
and non-switchgrass intercropped). This finding has important implications for
interpreting the results of my isotope data. Describing the response of yellow-breasted
chat stable isotope values to certain management techniques without considering
movement assumes that the technique in question in responsible for any observed
changes. In actuality, as my study suggests, if the scale in which the technique is applied
is smaller than the scale of a target species’ movement on the landscape, that technique
may not be solely responsible for any observed change in isotope ratios. The movement
of yellow-breasted chats into the stands surrounding my 10 ha treatments indicate this
may be the case for my treatments and future research at this study site or on this scale
should take this into consideration.
Results of this this project also suggest that management decisions at a larger
scale than one loblolly pine stand may influence yellow-breasted chat movement. In SI in
Block 6, yellow-breasted chats remained in SI for 94% of relocations, on average, while
in Block 5, yellow-breasted chats only remained in SI for only 46% of relocations, on
average. One possible explanation for the discrepancy among treatments is the
management practices surrounding my experimental stands. Switchgrass intercropping of
Block 6 was only surrounded by additional loblolly pine stands on two sides (one other
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side was recently clearcut and one side was a field with a monoculture of switchgrass)
and SI of Block 5 was surrounded by loblolly pine stands on all four sides. This may
indicate that the adjoining, recently clearcut stands and switchgrass monoculture stands
discouraged movement of yellow-breasted chats outside of SI. While small sample sizes
prohibit any definitive conclusion, effects of neighboring vegetation conditions on bird
movement within a loblolly pine stand should be investigated in future work.
The results of my isotopic analyses provide valuable insight into previously
unknown effects of hardwood control and switchgrass intercropping in managed loblolly
pine stands on stable C and N in plants and birds. The increase in total C due to herbicide
use and switchgrass intercropping found in previous research was not supported by my
vegetation samples, and total C in yellow-breasted chat samples was instead reduced in
HC and SI compared to Control. The inconsistent results between vegetation samples and
bird samples could indicate that yellow-breasted chats changed their diets in HC and SI.
Switchgrass samples had lower C on average compared to blackberry and loblolly pine
samples (Figure 3.5), so lower total C values in birds would make sense if a bird
incorporated more of this low-C vegetation into their diets (directly or through insects
feeding on switchgrass), an explanation supported by my mixing model results. Further
research is needed to determine if grasses in HC also have low total C values, similar to
those seen in switchgrass, which would explain the similarity in yellow-breasted chat
total C values in HC and SI.
The significantly greater total N values in blackberry samples in HC compared to
Control supported previous research concerning herbicide effects on N (Vitousek and
Matson 1985, Vitousek et al. 1992, Ibell et al. 2012). As N is often a limiting nutrient in

69

loblolly pine stands (Albaugh et al. 2004, Fox et al. 2007b, Minick et al. 2014), my result
indicates that hardwood control may be a way to improve stand quality by increasing N
availability, similar to effects of fertilizer treatments (Albaugh et al. 1998, Amateis et al.
2000, Fox et al. 2000). While N values among treatments were not consistent among my
vegetation sample types, previous research has found differences in N uptake between
plant species which may explain my results (Good et al. 2004, Masclaux-Daubresse et al.
2010). I hypothesize this increase in N is likely due to an increase in decomposing
vegetation targeted by the herbicide, however, it is unclear if decomposition could
actually equal the large amount of N applied via fertilizer treatments (around 200 lb per
acre [Fox et al. 2007a]). It is also possible that these results may be short-lived.
Additional work is needed to determine if N values remain enriched in vegetation in
loblolly pine stands subjected to hardwood control over a longer period of time.
Significantly less total N in yellow-breasted chats in SI compared to Control further
supports a possible diet change in birds in SI. Switchgrass samples had less total N than
blackberry samples (Figure 3.5), so lower total N values in birds would make sense if a
bird incorporated more of this low-N vegetation into their diets, again supported by my
mixing model results.
Despite varying results of total N and C in blackberry and loblolly pine samples,
C:N showed a consistent pattern; blackberry and loblolly pine both had lower C:N in HC
than Control. As lower C:N makes vegetation more palatable to herbivores (Crawley
1983, Awmack and Leather 2002), my result indicates hardwood control could improve
forage quality of plants in HC. Further study will be necessary to determine if this change
in C:N leads to an increase in herbivore foraging behavior in HC. C:N in birds can also
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indicate if lipid composition varies between individuals (Rau et al. 1992). Yellowbreasted chats did not have different C:N among treatments, which indicates their lipid
content and by extension fat content, did not differ among treatments.
My δ13C and δ15N values in plant and bird samples indicate both switchgrass
intercropping and hardwood control do influence stable carbon ratios through multiple
trophic levels. Enriched δ13C values in pine and yellow-breasted chat samples in SI
compared to Control support my hypothesis that δ13C from C4 switchgrass was
incorporated by other plants and consumers in those intercropped stands. Enriched δ15N
values in HC and SI in blackberry, loblolly pine, and yellow-breasted chat samples could
indicate decomposing plants contribute enriched δ15N values to the stand, similar to a
fertilizer treatment (Choi et al. 2005). Enriched δ15N values in SI compared to Control
may also indicate that initial fertilization of SI continues to impact plants and animals in
the stand for several years.
The most unexpected result from my study was that yellow-breasted chats in SI
derived some of their carbon from primary production through a C4 process (likely
switchgrass). While it is not inconceivable that these birds would consume switchgrass
seed heads or insects that have been feeding on switchgrass, this is the first evidence of a
consumer integrating switchgrass into their diet in a switchgrass intercropped loblolly
pine stand (Briones et al. 2013, Marshall et al. 2017b) apart from predatory invertebrates
(Briones et al. 2013). This outcome is particularly interesting when the results of my bird
movement project are considered. Despite the fact that some birds captured in SI only
remained in the treatment 5% of the time, the mixing model results indicated that, on
average, birds in SI still assimilated switchgrass-derived carbon into their diet. Some
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consideration should be given, however, to the closeness of the confidence intervals
surrounding each component plant’s contribution to yellow-breasted chat δ13C. While
statistically the confidence intervals between SI and both HC and Control did not overlap,
they are within ~0.05%, which, given the potential error rate for the isotope ratios, may
not indicate a true biological difference among treatments. However, because the mixing
model results are also supported by the total C and total N values in yellow-breasted chat
samples, it is not overly speculative to assert birds in SI assimilated additional C4 carbon
from switchgrass.

Management Implications
Lower C:N in plants and enriched δ13C and δ15N values in plants and an early
successional bird species indicate that hardwood control and intercropping switchgrass
within young managed loblolly pine stands may change the nutrient profile of a loblolly
pine stand in a way that reduces N limitations and improves vegetation palatability for
herbivores. While longer-term data are required, these results suggest both of these
management practices may be used to maintain or even improve the ecological value of
managed loblolly pine stands. This recommendation must be limited in scale, however, to
relatively small patches (~10ha) in six and seven-year old loblolly pine stands, given the
scope of this study. My bird movement data also suggests that the mosaic of different
ages or management regimes around a young loblolly pine stand could also be important
to influencing how birds move on a landscape. Therefore, large-scale implementation of
either continued hardwood control or switchgrass intercropping on the landscape may
result in different consequences for isotopic ratios in birds.
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Table 3.1

Overview of yellow-breasted chats movement around managed loblolly
pine stands intercropped with switchgrass in east-central Mississippi.

Tag
# Times
Inside SIa
Outside SI
Frequency
Located
6
0.144
22
20
2
6
0.169
28
27
1
5
0.067
32
15
17
5
0.294
19
16
3
5
0.244
18
14
4
5
0.120
13
7
6
5
0.194
17
1
16
5
0.095
18
1
17
5
0.319
1
1
n/a
a
SI: 10 ha plot of loblolly pines intercropped with switchgrass.
Block

Table 3.2

a

% in SI
90.9
96.4
46.9
84.2
77.8
53.8
5.9
5.6
n/a

Sample sizes for blood samples from yellow-breasted chats, leaf samples
from blackberry and switchgrass, and needle samples from pine from three
treatments in managed loblolly pine stands in east-central Mississippi.

Treatmenta

Yellow-breasted
Chat Samples

Blackberry
Samples

Pine Samples

Switchgrass
Samples

Control

19

15

14

n/a

HC

16

15

7

n/a

SI

16

12

13

15

Total

51

42

34

15

Treatments include HC: loblolly pine stands with imazapyr and metsulfuron-methyl
herbicide applications, and SI: loblolly pine stands with switchgrass intercropped
between pine rows, Control: loblolly pine stands with no additional management.
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0.35

HC-SI

0.94

0.85
3.06

1.28

-1.90

<0.01*

0.41

0.14

Prob > Z

-0.30

2.06

2.57

Z-Value

0.95

0.10

0.03*

Prob > Z

1.95 (0.06)

1.97 (0.05)

1.85 (0.03)

Total N

-2.09

3.95

6.55

0.09

<0.01*

<0.01*

Prob > Z

0.18 (0.42)

0.73 (0.22)

-1.03 (0.11)

δ15N (‰)

Z-Value

Nitrogen

0.43

-2.03

-2.47

Z-Value

0.97

0.11

0.04*

Prob > Z

25.59 (0.73)

25.33 (0.71)

26.84 (0.48)

C:N

Treatments include HC: loblolly pine stands with imazapyr and metsulfuron-methyl herbicide applications, and SI: loblolly pine
stands with switchgrass intercropped between pine rows, Control: loblolly pine stands with no additional management.

-0.55

SI-Control

0.60

Z-Value

-31.76 (0.07)

-32.10 (0.09)

-31.90 (0.07)

δ13C (‰)

Significant differences among treatments is indicated with an asterisk (*).

a

-0.95

HC-Control

Prob > Z

49.36 (0.14)

SI

Z-value

49.31 (0.14)

HC

Comparison

49.46 (0.10)

Total C

Carbon

Total carbon (C), total nitrogen (N), δ13C, δ15N, and C:N (mean with se in parentheses) for blackberry (Rubus sp.) leaf
samples in loblolly pine stands managed with three different treatments in east-central Mississippi.

Control

Treatmenta

Table 3.3
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0.42

HC-SI

0.91

0.07
4.26

3.83

-1.30

<0.01*

<0.01*

0.39

Prob > Z

-0.53

1.75

1.89

Z-Value

0.86

0.18

0.14

Prob > Z

1.11 (0.05)

1.10 (0.03)

1.06 (0.03)

Total N
δ15N

-2.32

5.15

6.35

0.05

<0.01*

<0.01*

Prob > Z

-0.56 (0.34)

0.43 (0.22)

-1.84 (0.08)

Z-Value

Nitrogen

0.89

-1.94

-2.40

Z-Value

0.65

0.13

0.04*

Prob > Z

46.06 (1.63)

45.54 (1.22)

48.29 (1.20)

C:N

Treatments include HC: loblolly pine stands with imazapyr and metsulfuron-methyl herbicide applications, and SI: loblolly pine
stands with switchgrass intercropped between pine rows, Control: loblolly pine stands with no additional management.

-2.21

SI-Control

0.08

Z-Value

-31.18 (0.12)

-31.57 (0.11)

-31.55 (0.07)

δ13C

Significant differences among treatments is indicated with an asterisk (*).

a

-2.13

HC-Control

Prob > Z

50.44 (0.25)

SI

Z-value

50.01 (0.27)

HC

Comparison

50.97 (0.20)

Total C

Carbon

Total carbon (C), total nitrogen (N), δ13C, δ15N, and C:N (mean with se in parentheses) for pine needle samples in
loblolly pine stands managed with three different treatments in east-central Mississippi.

Control

Treatment

Table 3.4
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0.087

HC-SI

0.66

0.03*
6.59

5.84

-1.37

<0.01*

<0.01*

0.35

Prob > Z

-0.69

-2.67

-1.95

Z-Value

0.77

0.02*

0.12

Prob > Z

13.66 (0.21)

13.81 (0.15)

14.22 (0.12)

Total N

0.45

0.03*

<0.01*

Prob > Z

5.67 (0.21)

5.92 (0.23)

-1.21

2.53

3.80

δ15N
5.12 (0.14)

Z-Value

Nitrogen

1.69

1.42

-0.34

Z-Value

0.21

0.33

0.94

Prob > Z

3.46 (0.04)

3.39 (0.03)

3.40 (0.02)

C:N

Treatments include HC: loblolly pine stands with imazapyr and metsulfuron-methyl herbicide applications, and SI: loblolly pine
stands with switchgrass intercropped between pine rows, Control: loblolly pine stands with no additional management.

-2.55

SI-Control

<0.01*

Z-Value

-25.12 (0.12)

-25.92 (0.11)

-25.81 (0.06)

δ13C

Significant differences among treatments is indicated with an asterisk (*).

a

-3.47

HC-Control

Prob > Z

47.18 (0.35)

SI

Z-value

46.75 (0.44)

HC

Comparison

48.37 (0.24)

Total C

Carbon

Total carbon (C), total nitrogen (N), δ13C, δ15N, and C:N (mean with se in parentheses) for yellow-breasted chat (Icteria
virens) blood samples in loblolly pine stands managed with three different treatments in east-central Mississippi.

Control

Treatment

Table 3.5

Figure 3.1

Aerial view of three treatment plots within five experimental blocks at a
study site characterized by managed loblolly pine stands in east-central
Mississippi.

Treatments include brown: switchgrass (Panicum virgatum) planted between loblolly
beds in 2011 and 2012, cut and baled in 2013, 2014, and 2015; grey: aerial application of
imazapyr and metsulfuron methyl between loblolly rows in 2015; green: loblolly with no
additional management. Block “1” was originally created for a prior study and was
discontinued before my project began.
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Figure 3.2

Movement of radio-tracked yellow-breasted chats inside and outside 10 ha
loblolly pine stands intercropped with switchgrass within two experimental
blocks in east-central Mississippi.

Unique frequency for each bird located in the upper left corner of each map. Small circles
represent exact gps locations inside switchgrass intercropped treatment and large circles
represent estimated locations outside switchgrass intercropped stands.
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Figure 3.3

Comparison of δ13C and δ15N values in blood samples from yellowbreasted chats, leaf samples from blackberry, and needle samples from
loblolly pine from three treatments within managed loblolly pine stands in
east-central Mississippi.
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Figure 3.3 (continued)
a

YBCH Carbon: δ13C values in blood samples from yellow-breasted chats, Blackberry
Carbon: δ13C values in leaf samples from Rubus sp., Pine: δ13C values in needle samples
from loblolly pine.
b
YBCH Nitrogen: δ15N values in blood samples from yellow-breasted chats, Blackberry
Nitrogen: δ15N values in leaf samples from Rubus sp., Pine: δ15N values in needle
samples from loblolly pine.
c
Treatments include HC: aerial application of imazapyr and metsulfuron methyl
between loblolly rows in 2015, SI: switchgrass (Panicum virgatum) planted between
loblolly beds in 2011 and 2012, cut and baled in 2013, 2014, and 2015, and Control:
loblolly with no additional management.
Lowercase letters above each treatment indicate significant differences among treatments.
If two treatments are labeled with the same lowercase letter it indicates statistically
equivalent isotope values.
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Figure 3.4

Comparison of average contribution of carbon from C3 plant (blackberry)
and C4 plant (switchgrass) to assimilated carbon in blood samples from
yellow-breasted chats in three treatments within managed loblolly pine
stands in east-central Mississippi.

a

Components include C3: leaf samples from blackberry (Rubus sp), C4: leaf samples
from switchgrass (Panicum virgatum).
b
Treatments include HC: aerial application of imazapyr and metsulfuron methyl
between loblolly rows in 2015, SI: switchgrass planted between loblolly beds in 2011.
and 2012, cut and baled in 2013, 2014, and 2015, and Control: loblolly with no
additional management.
Lowercase letters above each treatment indicate significant differences. If two treatments
are labeled with the same lowercase letter it indicates statistically equivalent component
contributions.
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Figure 3.5

a

Comparison of total carbon (C) and total nitrogen (N) values in blackberry
switchgrass, and loblolly pine from loblolly pine stands intercropped with
switchgrass in east-central Mississippi.

Includes leaf samples from blackberry (Rubus sp.), leaf samples from switchgrass
(Panicum virgatum), and pine samples from loblolly pine (Pinus taeda).
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CHAPTER IV
GENERAL CONCLUSIONS

Maintaining the ecological value of managed loblolly pine (Pinus taeda) stands is
an important aspect of forest management in the southern United States, and is one of the
goals of sustainable forestry programs, such as the Sustainable Forestry Initiative (e.g.
Miller et al. 2009, Sustainable Forestry Initiative 2015). Young loblolly pine stands (<10
years old) are particularly important for their potential to provide suitable conditions for
many species that rely on early successional plant growth (e.g., Hanberry et al. 2012,
Owens et al. 2014). Breeding bird species reliant on early successional vegetation have
been the source of particular attention as many have experienced significant population
declines across the southern United States over the past five decades (Sauer et al. 2017).
Common and novel management practices, such as reducing hardwood competition
through herbicide use and intercropping switchgrass (Panicum virgatum) between pine
rows, have the potential to foster early successional vegetation communities within
loblolly pine stands and improve conditions for declining bird species. Minimal research
currently exists, however, quantifying response of vegetation structure and bird
communities to these practices in young, managed loblolly pine stands. Most literature
regarding effects of hardwood control (HC) on vegetation structure and bird communities
has been limited to mid-rotation and mature loblolly pine stands (Jones and Chamberlain
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2004, Welch et al. 2004, Sladek et al. 2008, Singleton et al. 2013, Iglay et al. 2018). In
contrast, most research regarding effects of switchgrass intercropping (SI) has been
limited to the first five years of stand growth, but has also not evaluated resource use or
movement of birds in response to that treatment (Loman et al. 2014, Marshall et al.
2017). My study contributes to existing knowledge by determining effects of HC and SI
on understory vegetation characteristics and breeding bird abundance, diversity, and
resource use in pre-thinned loblolly pine stands (six and seven years post-establishment)
in Mississippi.
In my study, HC and SI both supported an equally diverse bird community in
managed loblolly pine, including species associated with early successional vegetation.
Abundances of five out of 16 bird species analyzed did, however, differ significantly
among HC and SI and loblolly pine with no additional management (Control). American
crow (Corvus brachyrhynchos) were most abundant in HC and SI, eastern towhee (Pipilo
erythrophthalmus) were most abundant in HC, common yellowthroat (Geothlypis trichas)
and indigo bunting (Passerina cyanea) were most abundant in SI, and hooded warbler
(Setophaga citrina) were most abundant in HC and Control. The abundance patterns of
common yellowthroats and indigo buntings, as compared to hooded warbler, indicates
that HC might be more ecologically similar to Control as opposed to SI, even though HC
and SI has statistically equivalent amounts of hardwood, non-switchgrass graminoid,
shrub, and loblolly pine coverage. The increase in common yellowthroat abundances in
SI is especially important in Mississippi, as that species has experienced significant
population declines in this state since 1966 (Sauer et al. 2017). Other early successional
species of regional concern (including northern bobwhite [Colinus virginianus] and
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prairie warbler [Setophaga discolor]) showed equivalent abundances in Control and SI.
Therefore, if increasing early successional bird abundances is a management goal,
intercropping switchgrass between loblolly pine beds as a means to increase common
yellowthroat abundances may be a useful management practice.
While there are many possibilities to explain why more bird species did not show
significant abundance differences among these treatments (including seven additional
early successional species), some insight can be gained from my bird movement data. My
research showed that an early successional species, yellow-breasted chat (Icteria viren),
moved from the 10 ha SI plot where birds were initially captured to the surrounding
loblolly pine stands of differing ages often (42.3% of all re-locations were outside of SI).
This extralimital movement, beyond the boundaries of my research plots, may be driven
by searches for additional food resources, nesting structure, or breeding opportunities
(Krementz and Powell 2000, Zanette et al. 2000, Lehnen and Rodewald 2009, Fahrig et
al. 2011). This movement could be an especially important factor when considering the
scale at which these management practices are implemented. Clearcut patches allowed by
the Sustainable Forestry Initiative, for example, can be up to 49 ha (Sustainable Forestry
Initiative 2015). If travel outside of the managed stand is used to fulfill some resource
need, larger scale implementation (greater than the 10 ha treatment plots of my study)
may have different outcomes for breeding bird abundance or diversity.
My movement data also provide an interesting context for the comparison of
stable isotope ratios (δ13C and δ15N) in birds among HC, SI, and Control. Despite the
frequent movements outside of SI, a greater amount of C4 derived carbon (from the
addition of switchgrass) was assimilated by yellow-breasted chat in SI compared to HC
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and Control. Apart from predatory invertebrates (Briones et al. 2013), this is the first
evidence of a consumer incorporating switchgrass into its diet. This result indicates that
some food resources are being used within SI and provides further evidence that
switchgrass is not just a neutral addition to the landscape of a managed loblolly pine
stand. Changing total C and N values in yellow-breasted chats in SI and HC also support
the conclusion that this early successional species changed its diet in HC and SI
compared to Control. This shift in diet may also help explain the difference in
abundances among treatments found for two other early successional bird species (indigo
bunting and common yellowthroat). If a similar diet shift is found in these two species, it
would corroborate the abundance and vegetation coverage data that suggests
intercropping switchgrass acts to “pause” successional development of the understory
when compared to HC or SI.
Results of the carbon and nitrogen ratio comparisons among HC, SI, and Control
also indicate these management practices may contribute to a shift in the nutrient profile
of the treated loblolly pine stands. Significantly greater total N in blackberry in HC
compared to Control, lower C:N in blackberry and loblolly pine in HC compared to
Control, and enriched nitrogen values (higher ratio of 15N:14N) in HC and SI for
blackberry, loblolly pine, and yellow-breasted chat, indicate these management practices
influence the chemical properties of a loblolly pine stand, an important consideration as
nitrogen is often a limiting nutrient in these stands (Albaugh et al. 2004, Fox et al. 2007b,
Minick et al. 2014). If these treatments change the long-term availability of N to loblolly
trees, they may change tree growth and impact the economic value of the stand. Further
research is needed to determine the temporal scale and relative magnitude at which these
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nutrient changes are present, and if these management practices might contribute to
greater pine growth than is seen in untreated stands.
Continuing to evaluate response of understory vegetation and breeding bird
abundance, diversity, and resource use throughout the entire rotational period of a
loblolly pine stand will afford fuller understanding of the ecological contributions of
hardwood control and switchgrass intercropping to these systems. More extensive studies
are also needed to provide insight into response of the breeding bird community to
hardwood control and intercropping switchgrass at scales larger than those evaluated in
my study, in other forest types, and in different geographic regions. Finally, birds outside
of the breeding season may also be affected by these management practices. However,
the response of migrating or overwintering birds to hardwood control or switchgrass
intercropping has not yet been thoroughly evaluated.
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